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CHAPTER 4  
 
WINE AND THE REWARDS OF PATIENCE 
‘Nothing more excellent or valuable 
than wine has ever been granted by the 
gods to man’ 
 
Plato (427-347 BC) 
Philosopher 
 
4.1 INTRODUCTION AND OVERVIEW 
 
  Wine, art or investment? This chapter investigates the rate of return to holding 
Australian wine, and goes someway toward increasing our understanding of the way 
Australian wine prices change through time. The oldest and most developed wine 
market is that for French wine, and while the finest wines from the Rhône and 
Burgundy are often traded at auction, it is Bordeaux reds, with their extreme longevity, 
that dominate the market. The recent history of Bordeaux wine, as recounted in 
Robinson (1999, pp. 364-365), is interesting, and reviewing this history provides useful 
insights into the way other fine wine markets can be expected to operate.  
 
Historically Bordeaux wine prices have followed a cyclical pattern. The first 
recorded boom in Bordeaux wine prices occurred during the late 1840s to the mid 
1870s. This period saw a combination of reduced supply, due to powdery mildew, and 
increased English demand, due to the lowering of duties and deregulation of retail wine 
sales. With price acting as a signal to increase supply, it was inevitable high prices 
would not last forever. The highs touched at the peak of this first boom in 1868 were not 
to be surpassed until the mid 1920s.  
 
The next boom in Bordeaux wine prices was driven by increased international 
demand. Devaluations of the Franc in 1959 and 1969 led American buyers to enter the 
market with enthusiasm, driving prices to new highs. It was not until the mid 1970s, 
when high oil prices started to bite, that prices really began to cool. The market rebound 
of the early 1980s failed to gather momentum and prices were flat until the mid 1990s.  
 
As a result of enthusiastic Asian purchases, French wines prices soared in 1997. 
Yet, this most recent boom was also the shortest, and prices collapsed following the   130
East-Asian economic meltdown. By 1999 prices for top Bordeaux wines were back to 
pre-boom levels.  
 
It is clear many factors influence the market for premium wine: regulatory 
changes with respect to the sale of alcohol; crop failure or supply bottlenecks; exchange 
rate fluctuations; and international economic conditions all appear capable of having a 
significant impact. Such background information is useful, as it suggests the financial 
return to wine investment is likely to vary significantly through time.  
 
  Unlike Europe, wine investment in Australia has a short history. Until the 1980s 
what interest there was in storing and trading fine wine was confined to the wines of 
Europe. However, in the mid 1980s, as the recently floated Australian dollar began to 
depreciate, interest was sparked in domestic wines with aging potential. By 1991 
interest had grown to the point where the Langton’s auction house began to publish a 
wine investment guide. Turnover at auction has continued to grow, and in 2000 
Langton’s released the third edition of their comprehensive classification of Australian 
investment wines. 
  
The objective of this chapter is to analyse the rate of return to Australian wine. 
However, before investigating the rate of return to Australian wine, it is first necessary 
to develop a metric which accurately captures changes in the overall wine price level. 
Unlike the market for shares and bonds, which are highly liquid, the market for wine is 
illiquid. In the case of some wines, years may pass before a subsequent trade takes 
place. This illiquidity has implication for how a wine price index can be created.  
 
Section 4.2 reviews the methods currently used to measure price change in 
illiquid markets, and Section 4.3 presents a literature review. Section 4.4 investigates 
the suitability for investment of wines made from different grape varieties, and Section 
4.5 outlines the data set. The specifics of the model used to estimate the return to storing 
wine are explained in Section 4.6, and Section 4.7 is devoted to commentary on the 
results. Further analysis of the rate of return to wine is presented in Section 4.8, and 
concluding comments are made in Section 4.9.  
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4.2 MEASURING PRICE CHANGE IN ILLIQUID MARKETS 
 
  The annual percentage return to wine i, at time t -- ignoring for the moment 




ii i i RP P P
−− ⎡⎤ =− × ⎣⎦  where 
t
i P  is the price of wine i ( 1,..., ) in =  in year t. The 
return to a portfolio of wine in any given period is some average of the n individual 
returns. From such information, if desired, a wine price index can then be constructed. 
Unfortunately wine sales are infrequent, and all n wines are not sold in all periods. 
While there is an underlying price process for each wine, we observe prices only at 
infrequent and irregular intervals. The challenge, therefore, is to describe the underlying 
but unobserved price path from limited information. Various methods have been 
proposed to meet this challenge, and each has strengths and weaknesses. The following 
section outlines the main methodologies used to calculate returns when faced with 
infrequent sales of heterogeneous products. For each approach the hypothetical data 
presented in Table 4.1 is used to illustrate the computational process.  
 
TABLE 4.1 
HYPOTHETICAL PRICE DATA FOR WINES FROM VINTAGE 1996 
(Dollars per bottle)  
Wines  Period 0  Period 1  Period 2  Period 3 
Château le Red Cardboard  20  21  -  - 
Château le Thames Red  22  -  -  24 
Vin de Payes Blanc  10  -  9  - 
Château le White Cardboard  7  9  -  - 
Vin de Payes Rouge  -  24  22  - 
Château le Thames White  -  8  -  10 
La Colonial Red   -  -  20  - 
La Colonial White  -  -  9  10 
 
 
I. The Multiplicative Chain Price Index 
Although focused on introducing the repeat sales regression model, Bailey et al. 
(1963, p. 934) also provides one of the most lucid accounts of the multiplicative chain 
price index approach. Under this approach the index number for period zero, the base 
period, is set at unity. The remaining index values are then found as the geometric mean 
of adjusted price relatives. Formally, the process of calculating adjusted price relatives 
and computing the index numbers for each period can be explained as follows.  
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Let 
t
i P  denote the price of wine i in period  ( 1,..., ), tt T =  and let 
s
i P  denote the 
price of wine i in period  , s  where  . st <  Then,  ( )
tt s
ii i R PP =  denotes the i
th unadjusted 
price relative. Now, note that for all periods other than  1, t =  the amount of time that has 
elapsed between the first sale observation in period s and the second sale observation in 
period t can vary. So, before the unadjusted price relatives can be used they must be 
standardised, or adjusted. Using the multiplicative chain price index approach, the i
th 
adjusted price relative is found as  ( ) .
tt s
ii is R PP I = ×   Given this notation the 
multiplicative chain price index series, a series expressed directly in levels, can be 





= =∏   
 
Implementing the approach for the hypothetical data given in Table 4.1 yields 
the following index series: 
0 1; I =  
()
12 2 1
1 1 1.162; i i IR
= == ∏  
()
12 2 2
2 1 0.979; i i IR
= == ∏     
()
13 3 3
3 1 1.199. i i IR
= == ∏     
 
The index values shown above are in levels, and relate back to the base period. The 
estimates based on the multiplicative approach suggests between period zero and period 
one the average increase in wine prices is 16.2 percent. Between period zero and period 
two the estimated average increase is minus 2.1 percent, and between period zero and 
period three the estimated increase in average price is 19.9 percent. Estimated returns 
are therefore positive in period one, negative in period two, and positive in period three.   
 
Given even limited computing power the methodology is simple to implement. 
The drawback is then not with implementing the process, but rather in the way 
information is excluded from the sample. If there is only one price observation for a 
wine, as is the case for La Colonial Red, the price information is ignored. Failure to 
incorporate such information is a serious weakness of the approach.   
 
II. The Geometric Mean Price Index  
  The geometric mean approach is the simplest procedure to implement. Let 
s
i p  
denote the price of wine i, a wine sold at time s, where period s is the base period, and   133
let 
t
i p  denote the price of wine i, a wine sold at time t, where  . ts >  Let 
s P  denote the 
geometric mean of all wines sold in period s, and let 
t P  denote the geometric mean of 
all wines sold in period t. The index number for period t is then  ()
ts











= = ∏  
 
If the geometric mean approach is used, the population from which the goods are 
drawn needs to be fixed in advance. For the art market, where most paintings of interest 
are by deceased painters, this restriction is not usually a problem. In the wine market, 
where a new vintage is released each year, the restriction is severe. A further general 
criticism of the method is the assumption of constant quality for objects sold at each 
auction. The market for prints is quite similar to the market for wine, and Stein (1977) 
provides an excellent illustration of how the geometric mean approach can be used to 
develop a price index. 
 
  If, in period zero, the population of wines is fixed at the eight wines listed in 
Table 4.1, then the results for the geometric mean approach are as follows: 
()
14 4 00
1 13.247, i i Pp
= == ∏  and  0 1; I =  
()
14 4 11
1 13.802, i i Pp
= == ∏  and  ( )
10
1 1.042; IP P ==  
()
14 4 22
1 13.740, i i Pp
= = ∏  and  ( )
20
2 1.037; IP P ==  
()
13 3 33
1 13.389 i i Pp
= = ∏ and  ( )
30
3 1.011. IP P ==  
 
The index values are expressed directly in levels and relate back to the base period. 
Using the geometric mean approach the estimated average increase in wine prices 
between period zero and period one is 4.2 percent. The estimated average increase in 
price between period zero and period two is 3.7 percent, and the estimated increase in 
wine prices between period zero and period three is 1.1 percent. Estimated annual 
returns are therefore positive in period one and negative in periods two and three. 
Although a simple approach to implement it does have the disadvantage that the basket 
of goods changes over time, and so quality is not constant.  
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III. The Repeat Sales Regression Price Index 
The repeat sales regression price index methodology due to Bailey et al. (1963, 
pp. 934 - 936) is concerned with the creation of house price indexes, but as noted in 
Ashenfelter and Graddy (2003, p. 769) the process has been used to create numerous art 
price indexes. The approach does however suffer the same limitation as the 
multiplicative chain index approach, in that when there is only one half of a price 
relative, the price information is ignored. A general exposition of the approach follows. 
 
Suppose wine i ( 1,..., ) in =   is sold in period s ( 0,..., 1) sT = −  and  period  t 
( 1,... ) tT =  and note,  . st <  Then, let 
st
i R  denote the price relative, ()
ts
ii PP. If 
s B and 
t B  denote the true but unknown price indexes for periods s and t, the regression model 
can be expressed as: ( )
stt ss t
ii R BB U =× , or if lower case letters are used to denote 
natural logarithms: 
sttss t
ii rb b u =−+, where in log form the errors have zero mean and 
constant variance. Let x
τ   take the value minus one if  , s τ =  one  if  , t τ =  and  zero 
otherwise. The regression model can then be expressed as 
1
T sts t
ii i rb x u
ττ
τ = =+ ∑ , where 
b
τ  gives the logarithm of the index number in period  . τ  The series is normalised by 
setting 
0 0. b =   
 




ii i rb x u
ττ
τ = =+ ∑  where  1,...,7. i =  
Estimating the equation using OLS, and using matrix notation to express the result, 
[ ] ˆ .0743 .0226 .1558 ′ =− b  and so the index series is: 
0 1; I =  
11
1 ˆ ˆ exp( ) exp(.0743) 1.077; IB b == = =  
22
2 ˆ ˆ exp( ) exp( .0226) 0.978; IB b == = − =  
33
3 ˆ ˆ exp( ) exp(.1558) 1.169. IB b == = =  
 
As with the previous examples the results are expressed directly in levels and relate to 
the base period. Using the repeat sales regression approach the estimated average 
increase in wine prices between period zero and period one is 7.7 percent. The estimated 
average increase in price between period zero and period two is minus 2.2 percent, and 
the estimated average increase in price between period zero and period three is 16.9 
percent. Estimated returns are therefore positive in period one, negative in period two,   135
and positive in period three. Although not reported, it is worth noting regression based 
models not only provide a point estimate of price change, but also a standard error for 
each estimate. The additional information provided by the standard errors represents an 
advantage of regression based models over non-regression based approaches. 
  
IV. Hedonic Price Equation Approach 
  The hedonic approach to estimating price change is well documented and widely 
understood. See for general examples Berndt (1990), Rosen (1974), and Diewert (2003), 
and for applications related to wine see De Vittorio and Ginsburg (1996). While there 
are several different hedonic price approaches, a common approach is the time dummy 
variable approach. One of the clearest introductions to the time dummy variable hedonic 
price approach is that of Silver and Heravi (2003, pp. 280-281), and the following 
exposition is based on the framework they present. 
 
  At each auction wines from a number of different producers will be presented 
for sale. These wines can be thought of as different product brands. Within each brand 
there will be several different wine vintages or models, each model having different 
characteristics. A characteristic set which describes all wines { }, k z  where  1,..., kK =  is 
then identified, and data on the i ( 1,..., ) in =   models over the t ( 0,..., ) tT =  periods 
collected. Let  it p  denote the natural logarithm of the price of wine i at time t, and  it D  
denote a dummy variable taking the value one if wine i is sold in period t, zero 
otherwise. The dummy variable hedonic regression model can then be written as: 
11 ,
TK
it t it k kit it tk p Dz u αβ γ
== =+ + + ∑∑  where α  is the intercept, and  it u  is a zero mean 
constant variance error term. As variations in the quality of different wines are 
controlled for by the 
1
K
kk i t k z γ
= ∑  term, the quality adjusted average percentage price 
change of wine between period zero and period t  is given by  () () exp 1 100. t β −×  
Normalising the series by setting  0 1 I =  allows  ( ) exp t β to be used directly as the basis 
of an index series. 
 
  Assuming the characteristic set which describes the wines in Table 4.1 is 
{ } red wine, white wine , z =  a dummy variable for red wine can be used to describe all 
relevant characteristics. Then, given the assumptions regarding the error term, the model   136
to be estimated is 
3
1 1 , it t it k kit it t p Dz u αβ γ
= =+ + + ∑  where  1,...,8, i =  and  0,...,3. t =  As 
all eight wines are not sold in each period, the total number of observations is not 
(8 4 32) ×=  but 15. The 15 observations, and OLS, can be used to estimate an index 
series. Estimating the regression, and using matrix notation to express the result gives 
[ ] ˆ .0410 .0365 .1616 , t′ = β  and so the index series is: 
0 1; I =  
11 ˆ exp( ) exp(.0410) 1.042; I β == =  
22 ˆ exp( ) exp(.0365) 1.037; I β == =  
33 ˆ exp( ) exp(.1616) 1.175. I β == =  
 
When formulated this way, the estimated index is expressed directly in levels and so the 
estimated values relate back to the base period. Using the hedonic price approach the 
estimated average price increase between period zero and period one is 4.2 percent. The 
estimated average price increase between period zero and period two is 3.7 percent, and 
the estimated increase in average wine prices between period zero and period three is 
17.5 percent. Returns are therefore positive in period one, negative in period two, and 
positive in period three. Although not reported, as the hedonic price approach is a 
regression based approach, there is a standard error associated with each point estimate. 
 
  A notable limitation of the time dummy variable approach is the constraint of 
equality through time placed on the characteristics which control for quality variation. 
The reason it is not wise to constrain implicit attribute prices through time is outlined 
clearly by Berndt (1990, p.117): 
 
In brief, the hedonic hypothesis is that heterogeneous goods are 
aggregations of characteristics. … Once one views heterogeneous goods as 
aggregates of individual characteristics, it becomes clear that the 
relationship between the overall bundle price and the level or quantity of the 
various characteristics need not be constant over time. … When supply or 
demand curves for characteristics shift, the implicit price relationships 
between the overall price of the bundle, and the individual characteristics 
might also change.  
 
However, when the sampling interval is relatively short, say quarters, and where there 
are sufficient data, the adjacent period hedonic price approach can at least partly address   137
the problem of implicit prices varying through time. The adjacent period hedonic price 
approach is explained below. 
 
Consider the two regression equations:  0 1 ,
K
is k kis is k p zu ββ
= =+ + ∑  and 
0 1 ,
K
it st k kit it k p zu αβ β
= =++ + ∑  where  is p  is the natural logarithm of the price of wine i 
( 1,... ) in =  at time s (1 ) , st =−  and  it p  is the natural logarithm of the price of wine i at 
time   ( 1,..., ). tt T =   Further, assume both error terms have zero mean and constant 
variance. As there are no time sub-scripts attached to the β   coefficients, they are 
constrained to be the same for both periods, and so  , st α  which is the coefficient of a 
dummy variable, represents the average price change between period s and t, and can be 
used as the basis of an index series. However, unlike the time dummy variable 
approach, as the adjacent period is rolled forward, the β  coefficients are free to vary. If, 
as is likely, the implicit prices of characteristics change only slowly, the adjacent period 
approach adequately addresses the deficiency of the time dummy variable approach. 
Further, when the natural logarithm of price is used as the dependant variable, as shown 
in Diewert (2003, pp. 21-25), the adjacent period approach satisfies both the implied 
homogeneity condition, and the time reversal test. For the interested reader the implied 
homogeneity condition and time reversal test are explained in detail in Appendix 4.1.
  
V. Langton’s Fine Wine Index  
Currently the only commercial wine index for Australian wine is the Langton’s 
fine wine index. Details on the index can be found on the Langton’s website [1]. The 
index is based on a Laspeyres approach, and tracks the performance of 84 wines (28 
wine brands x 3 vintages). The 28 wine brands chosen include very expensive wines, 
and wines of a more modest price. The vintages chosen -- 1986, 1990, and 1994 -- are 
vintages regarded as vintages when wines of a particularly high quality were produced. 
As the wines and vintages forming the index were selected ex-post, the index exhibits 
an upward bias. However, as it is possible to buy the index basket of wines today, the 
index may still serve as a valid investment guide. It is worth noting the index reflects 
price changes in a portfolio where equal dollar amounts are allocated to each wine, not 
the performance of a basket including one bottle of each wine.  
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The Laspeyres price index approach requires price information on all i 
( 1,..., ) in =  wines  for  all  t ( 1,..., ) tT =   periods. As all n wines are not sold in all t 
periods, assumptions must be made regarding price when no sale occurs. If 
1 t
i p
−  denotes 




− =  when wine i is sold in period  1 t −  but not in period  . t  Given the 
assumption used for the index the formal framework can be succinctly expressed as 
shown below.  
 
Let  1 t N −   denote the number of wines with price observations, implied or 
observed, in period  1. t −  Let 
t
i r denote the percentage change in value of wine i 
between period t and period  1, t −  i.e.  ( )
11 100.
tt t t
ii i i rp p p
−− ⎡⎤ =− × ⎣⎦  The  estimated 
percentage change in the portfolio between period t and period  1 t −  is then  ,








i N i R r
−
− = = ∑  Table 4.2 brings further clarity to the situation. The values in bold in 
Table 4.2 correspond to the values shown in Table 4.1, and are the actual hypothetical 
price observations. The values in italics are the implied values the method uses to 
estimate price changes. While the method uses all available price information, the 
assumption regarding the underlying price process of the wines is less than ideal.  
 
TABLE 4.2 
HYPOTHETICAL ACTUAL AND IMPLIED PRICE DATA FOR 
LANGTON’S METHODOLOGY  
(Dollars per bottle) 
Wines  Period 0  Period 1  Period 2  Period 3 
Château le Red Cardboard  20 21 21  21 
Château le Thames Red  22  22 22 24 
Vin de Payes Blanc  10  10  9  9 
Château le White Cardboard  7 9 9 9 
Vin de Payes Rouge  -  24 22 22 
Château le Thames White  -  8  8  10 
La Colonial Red   -  -  20  20 
La Colonial White  -  -  9 10 
 
Unlike the other approaches discussed, the direct estimates which flow from the 
Langton’s approach are estimates of the year-on-year percentage change in the average 
value of wine. To enable direct comparison with the estimates generated using other 
estimation approaches, the year-on-year estimates have then been converted to their   139
implied index values in levels. Using the Langton’s methodology for the hypothetical 
data set yields: 
0 1; I =  
1 1 4
1 1 4 8.393; i i Rr = == ∑  and so  1 1.084; I =  
1 2 6
1 2 6 3.056; i i Rr = == − ∑  and so  2 1.051; I =  
1 3 8
1 3 8 5.650; i i Rr = == ∑  and so  3 1.110. I =  
 
The index values expressed this way relate back to the base period. So the estimated 
average price increase between period zero and period one is 8.4 percent. The estimated 
average price increase between period zero and period two is 5.1 percent, and the 
estimated increase in average wine prices between period zero and period three is 11.0 
percent. As shown by the direct estimates, the returns in period one are positive, the 
returns in period two are negative, and the returns in period three are positive. 
  
  In any given circumstance the methodology deemed most suitable will depend 
on the nature of the data set, the end user, and various subjective factors. However, as 
the summarised results in Table 4.3 indicate, the choice of method matters. For the 
hypothetical data set estimated price changes vary substantially with methodology. At 
the end of period three the geometric mean approach suggests average wine prices have 
increased by approximately one percent. The multiplicative chain approach on the other 
hand suggests the average increase in wine prices has been almost 20 percent. The 
results for the other approaches fall somewhere between these two extremes. 
 
Of the five methods considered, only for the geometric mean approach is the 
estimated return in period three negative. As such this result deserves further comment. 
In Table 4.1 there are both red and white wines, and they have noticeably different 
prices. In periods zero, one, and two, the ratio of red wine to white wine is 1:1. 
However, in period three, the ratio of red wine to white wine is 1:2; a dramatic change. 
Essentially, the assumption implied in the geometric mean approach of constant quality 
of objects sold in each period is violated. The above finding is a clear illustration of the 
impact violating the assumption of constant quality can have when using this method. 
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TABLE 4.3 
COMPARATIVE INDEX RESULTS  
Methodology  Period 0  Period 1  Period 2  Period 3 
1. The Multiplicative Chain Price Index  1.000  1.162  0.979  1.199 
2. The Geometric Mean Price Index   1.000  1.042  1.037  1.011 
3. The Repeat Sales Regression Price Index  1.000  1.077  0.978  1.169 
4. Hedonic Price Equation Approach Index  1.000  1.042  1.037  1.175 
5. Langton’s Fine Wine Index   1.000  1.084  1.051  1.110 
Arithmetic  Mean  1.000 1.081 1.016 1.133 
Standard  Deviation  .0000 .0491 .0351 .0755 
Range (highest – lowest)  .0000  .1200  .0730  .1880 
 
Selecting the appropriate methodology to estimate price changes for Australian 
fine wine, in the face of heterogeneity and infrequent sales, is no easy task; and no 
methodology is without its faults. The Laspeyres (Langton’s) approach ignores price 
fluctuations between observed sales; the geometric mean index, multiplicative chain 
index, and repeat sales regression index approaches all fail to incorporate all available 
price information; and the hedonic price approach constrains implicit prices through 
time. However, given the data in the study are quarterly, it is thought, in this instance, if 
an adjacent period hedonic price equation is used, the constraint of equality through 
time on implicit prices is not great. As such, the adjacent period hedonic price 
methodology is thought the most appropriate approach. 
 
4.3 THE RETURN TO WINE LITERATURE 
 
  In calculating the return to wine the treatment of storage costs, insurance, and 
transaction costs will be important. As mentioned in Chapter 3 annual commercial 
storage costs for wine in Australia are approximately 10 to 15 dollars per annum for a 
12 bottle carton. However, a large proportion of those interested in the return to wine 
are likely to have access to a private cellar. For such people annual storage costs can be 
less than a dollar per 12 bottle carton per annum. Buyer’s premiums in Australia are 
around 15 percent of the hammer price, while sellers’ fees depend on the quantity and 
quality of wine sold. As actual holding and transaction costs vary dramatically across 
individuals, unless otherwise stated, the returns presented throughout the chapter 
exclude: storage costs, insurance, and transaction costs. Summary information on papers 
investigating the rate of return to wine is presented in Table 4.4.   141
TABLE 4.4 
 RETURN TO WINE LITERATURE REVIEW  
Author(s) 
and Date  Method Period  Wines    Obs  Summary of the Main Findings 
Krasker 
(1979) 










vintage 1950+  
N = 137 
 
The mean return to wine excluding storage costs is 64 basis points higher than treasury bills, and the 
standard deviation is 24 percent. With an unrestricted estimate for storage costs, the point estimate for 
the premium over treasury bills was negative but not significantly different from zero. The estimate for 
storage costs was $1.40 per bottle, with a standard error of $0.72. 













N = 199  The Krasker (1979) data set is extended by 4 years, and a figure of $.499 per case per annum is used as 
the storage cost figure. Despite this restriction, for the 73/74 – 76/77 period, the premium to wine over 
treasury bills is not statistically different from zero. Returns are shown to vary with price, lower priced 
wines exhibiting both higher risk and return. For the period 69/70 – 76/77 the premium to wine over 
treasury bills is estimated to be 12.4 percent, standard error 6.7 percent. 









33 Bordeaux,  
32 Burgundy,  
3 Rhone, 2 
other white 
N = 70  As the return tracks an actual investor the measure of return takes into account quantity and price 
information. Over the period the economic rate of return to wine was 9.9 percent per annum. Bordeaux 
wines showed the highest median return (11 per cent per annum) and the lowest standard deviation (3.7 
percent).  











1949 - 88 
N =  
29,901 
Between 1980 and 1985 prices rose by 80 percent before falling by 14 percent between 1985 and 1992. 
The mean return for the period was 4.2 percent per annum and the standard deviation 10.2 percent. The 
introduction of a 10 percent buyer’s premium by Christie’s in 1986 is noted. Returns vary dramatically 
depending on vintage and château. Vintage return is shown to be related to weather variables.  











N =  
10,558 
The semi-annual rate of return to all wines for the sample period was 3.9 percent, standard deviation 
13.3 percent. Interestingly, with mean return 3.3 percent and standard deviation 26.1 percent, the most 
expensive wines -- the first growths -- performed worse than the general portfolio. The semi-annual rate 











N = 48 
auctions 
The paper is difficult to follow, and from the data presented it is not possible to calculate a measure of 
the variability of returns. Based on Figure 3 in the paper the annual returns for the period 1988 to 2000 
appear to be approximately 8.7 percent. Although for the period 1988 to 1996 average annual returns 
were about 18.5 percent, while for the period 1996 to 2002 they were approximately minus 3.2 percent.   142
 
  Further research into the rate of return to wine is sparse, although some 
interesting information can be gleaned from work looking at the relationship between 
wine and weather. Ashenfelter et al. (1995), is a paper investigating the ability of 
weather to predict wine quality, and presents summary information regarding the price 
of Bordeaux reds, vintages 1961-1972, sold in London over the period 1971 - 1989. 
From the information presented it is possible to calculate the annual average return for a 
benchmark wine portfolio. The benchmark portfolio consists of wines from some of the 
best Châteaux and from some of the best vintages. While the average annual return to 
the portfolio at 17.9 percent is high, it is worth remembering, at the time UK inflation 
averaged 10.2 percent per annum.  
 
There is almost no mention of the return to Australian wine in the literature, 
although Byron and Ashenfelter (1995, p. 42) makes reference to an implied annual real 
rate of return to storing Penfold’s Grange of 3.9 percent. Rate of return information can 
also be gleaned from Fogarty (2000, p. 40) where rates of return are calculated for 
different vintages of Moss Wood Cabernet Sauvignon over the period 1997-1999. For 
the period, annual returns for different vintages of Moss Wood varied between 50 
percent and minus 12 percent. The arithmetic mean return across all vintages of Moss 
Wood in 1998 was 30.4 percent, standard deviation 10.7 percent, and in 1999 the return 
was 11 percent, standard deviation 13.1 percent.  
 
Once summarised, the literature on the rate of return to wine can be condensed 
to four key propositions: (i) returns to wine are both volatile and cyclical; (ii) external 
shocks -- such as the introduction of a buyer’s premium -- may have substantial price 
effects; (iii) the return to wine over extended periods is likely to be higher than the 
return to risk free assets, but may or may not be higher than for an equity portfolio; and 
(iv) sub-market portfolios of particular vintages will outperform the return to a portfolio 
of wines from all vintages.  
 
4.4 ASPECTS OF THE AUSTRALIAN WINE MARKET  
 
As previously noted, transaction costs when buying and selling wine at auction 
are substantial. The practicalities of wine investment therefore suggest wines purchased 
for investment should be held for extended periods. With the exception of Weil (1993),   143
prior studies, when investigating the return to wine, have confined themselves to the red 
wine varieties originally associated with Bordeaux -- Cabernet Sauvignon, Cabernet 
Franc, Merlot, Petit Verdot and Malbec -- varieties known to benefit from extended 
aging. Yet it is questionable whether one should be so restrictive. In Australia, at least, a 
diverse range of wines improve with extended aging. The suitability or otherwise of the 
main varieties planted in Australia, from an investment perspective, is now considered. 
 
Shiraz (or Syrah) is widely planted in Australia, and is Australia’s signature red 
variety. The two most expensive Australian wines -- Penfolds Bin 95 Grange and 
Henschke Hill of Grace -- are both Shiraz based wines. The ability of Shiraz wines from 
the Rhône to age gracefully for decades has been known since at least the 18
th century, 
Robinson (1999, p. 682). The finest Australian Shiraz, coming predominately from old 
vines in the Barossa Valley, will, like the best French examples, age majestically for 
decades. Australian Shiraz is eminently suitable for consideration in a wine investment 
portfolio. 
 
Many of the earliest attempts at viticulture in Australia were those made by 
settlers from Germany. As such, Riesling has a long history in Australia, and in fact was 
overtaken by Chardonnay as the most widely planted white grape variety only in 1990. 
As noted in Robinson (1999, p. 580) Riesling wines have a long and distinguished 
history:  
 
In the late 19
th and early 20
th centuries, German Riesling wines were prized, 
and priced as highly as the great red wines of France. Connoisseurs knew that, 
thanks to their magical combination of acidity and extract, these wines could 
develop for decades in the bottle, regardless of the alcohol strength and 
residual sugar. 
  
Today, Australia’s finest Rieslings are generally found in either Clare or Eden Valley, 
and the Grosset Polish Hill Riesling and the Grosset Watervale Riesling are two of the 
most highly regarded examples. While most Australian Riesling is fully developed 
within a few years, the most notable examples continue improving for eight years or 
more. Further, once developed, they maintain their intensity of flavour for many years. 
Despite this potential to improve with age, of the varieties under consideration, Riesling 
is the variety most likely to be questioned as suitable for inclusion in a wine investment 
portfolio. Yet questioning the investment potential of Australian Riesling is more the   144
result of failing to appreciate the quality of Australian Riesling than any fault of the 
wine. Excluding Riesling from the sample a priori, seems, therefore, unjustified. 
 
Cabernet Sauvignon and Merlot are varieties intimately associated with 
Bordeaux. These varieties complement each other so well, in Bordeaux at least, it is 
uncommon to find a bottle which includes one and not the other. Historically, in 
Australia, the majority of fine Cabernet Sauvignon and Merlot wines came from the 
Coonawarra region of South Australia; yet today, the finest examples are just as likely 
to be from the Margaret River region of Western Australia. While the best Australian 
examples of Cabernet Sauvignon, Merlot, and blends of the two -- such as the Moss 
Wood Cabernet Sauvignon, and the Mount Mary Quintet Cabernet blend --  do not have 
the longevity of Premier Cru Bordeaux wines, they still benefit from up to 20 years in 
the cellar. Unquestionably, leading Australian Cabernet Sauvignon and Merlot wines 
are suitable for inclusion in a wine investment portfolio.  
 
While widely planted today, the home of Semillon -- where it is made into a 
sweet white wine -- is the Bordeaux region of France. Unfortunately outside Australia 
and France most of the world thinks of Semillon as a light white wine with no aging 
potential. Yet as noted by Clark and Rand (2001, p. 238) both France and Australia 
produce Semillon wines that last for decades. Unwooded, aged, Hunter Valley 
Semillons start life dull and flat, but after 10 to 15 years, come to life as powerful and 
remarkably complex wines. So, while the vast majority of Semillon produced in 
Australia is not of a type suitable for an investment portfolio, there will be exceptions. 
The most prominent exception, and a wine which certainly benefits from extended 
aging, is Tyrrell’s Vat 1 Hunter Valley Semillon. A priori, Semillon wines should not be 
excluded from a wine investment portfolio. 
 
  When produced to a high standard, Pinot Noir -- the traditional and extremely 
fickle red wine of the Burgundy region of France -- can benefit greatly from extended 
aging. While, in general, Australian Pinot Noir hits its peak within five years of bottling, 
there are numerous exceptions. Leading examples include the elusive Bass Phillip 
Premium Pinot Noir, and the Picardy tete de cuvee. The finest Australian examples of 
Pinot Noir, taking considerably longer than the average Pinot Noir to mature, are 
suitable investment wines. 
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Chardonnay is the only white grape variety planted in Burgundy, and along with 
Pinot Noir and Meunier, the basis of all Champagne. Given the incredible volume of 
Chardonnay -- both oaked and unoaked -- lining liquor store shelves in Australia, it is 
easy to forget Australian plantings of Chardonnay were virtually non-existent as late as 
the early 1970s. Of the white wines produced in Australia, it is oaked Chardonnay 
which consistently receives the highest international praise. While of the Chardonnay 
produced, it is the Leeuwin Estate Art Series Chardonnay which regularly receives the 
highest acclaim. The following review of the 2001 Leeuwin Estate Art Series 
Chardonnay by Harvey Steiman, Wine Spectator Editor at Large, and appearing in the 5 
August 2004, edition of Wine Spectator is not atypical of the reviews the wine 
consistently receives: 
 
This gets my vote for the greatest white wine Australia has ever produced. 
Utterly seamless, harmonious and seductive, a gorgeous cascade of pear, 
pineapple, guava, nectarine and subtle spice aromas and flavours that flow 
over the palate like a babbling brook in a Japanese garden. It's amazingly 
refined and built to last, but it feels perfectly comfortable for itself already. 
The finish just sails on and on. Drink now through 2020. From Australia. 98 
points.  
 
While typically Australian Chardonnay reaches its peak within a few years of bottling, 
the leading Australian examples, like their French counterparts, continue to improve for 
more than a decade. Again, while a white wine, and so one not typically associated with 
wine investment, top Australian Chardonnay has considerable staying power, and is a 
worthy inclusion in any investment portfolio. 
 
  Botrytis-affected wines are made from grapes affected by the fungal disease 
Botrytis cinerea, or, as it is commonly known, noble rot. While history notes the Tokaj 
region in Hungary, and the Rheingau region of Germany, as important centres for this 
style of wine, it is the Sauternes region of Bordeaux which is most strongly associated 
with Botrytis-affected wines. And of all the Sauternes producers, it is the LVMH owned 
Château d’Yquem that epitomises quality. Clark and Rand (2001, p. 239) suggest 
optimal drinking for Sauternes Premier Cru Classé wines to be between 14 and 26 years 
after bottling. While the finest Australian examples do not have quite the same staying 
power, wines such as the De Bortoli Nobel One Botrytis Semillon do benefit from 
extended aging. Leading Australian Botrytis-affected wines are perhaps on the cusp of 
suitability for a wine investment portfolio where the main strategy is to buy, and then   146
hold for extended periods of time. Yet, without further information it would seem 
unjustified to exclude the style from the sample. 
 
  The ability of wine to improve, or at least not decline in quality, with age varies 
considerably with variety. Yet, a priori, excluding wines of a particular grape variety en 
bloc is inappropriate. For the eight wine varieties considered, wine brands exist which 
benefit from extended aging. As such, no wines are excluded from the sample simply 
because they are of a particular variety. Only if a wine will not benefit from extended 
aging should it be excluded.  
 
The criteria used to determine whether a wine will benefit from extended aging 
is straight forward. Regardless of variety, if the wine is listed in Langton’s classification 
of investment quality wines, the wine is considered suitable for inclusion in a wine 
investment portfolio. Table 4.5 provides summary details on the wines considered to be 
of investment quality. The first column gives the wine brand, the second the grape 
variety, and the third the region. Table 4.5 is also divided into four panels, and while not 
exact, the four panels: Exceptional, Outstanding, Excellent, and Distinguished, separate 
the listed wines into broad price groupings. The most expensive wines are generally 
those with the rating Exceptional, the next most expensive generally have the rating 
Outstanding, and so on. The least expensive -- although certainly not cheap -- wines 
generally have the rating Distinguished. The wines listed in Table 4.5 are drawn from 
throughout Australia. Specifically, there are 44 wines from South Australia, 24 from 
Victoria, 13 from Western Australia, 7 from New South Wales, and 1 from Tasmania.   
 
 
TABLE 4.5  
SUMMARY DETAILS OF THE WINES IN THE SAMPLE  
Brand   Variety    Region   
1. EXCEPTIONAL WINE  
Penfolds Bin 95 Grange    Shiraz    S.A. Various   
Henschke Hill of Grace    Shiraz    S.A. Keyneton   
Leeuwin Estate Art Series    Chardonnay   W.A.  Margaret  River   
Moss Wood    Cabernet Sauvignon   W.A.  Margaret  River   
Mount Mary Quintet    Cabernet Blend    Vic. Yarra Valley   
Penfolds Bin 707    Cabernet Sauvignon    S.A. Various   
Wendouree    Shiraz    S.A. Clare Valley   
2. OUTSTANDING WINE  
Bannockburn    Pinot Noir    Vic. Geelong   
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TABLE 4.5 (CONTINUED) 
SUMMARY DETAILS OF THE WINES IN THE SAMPLE 
Brand   Variety    Region   
Bass Phillip Premium    Pinot Noir    Vic. Gippsland   
Brokenwood Graveyard 
Vineyard   Shiraz   N.S.W.  Hunter  Valley   
Cape Mentelle    Cabernet Sauvignon   W.A.  Margaret  River  
Cullen   Cabernet-Merlot    W.A. Margaret River   
Dalwhinnie   Shiraz    Vic.  Moonambel   
Giaconda   Chardonnay    Vic.  Beechworth   
Giaconda    Pinot Noir    Vic. Beechworth   
Grosset Polish Hill    Riesling    S.A. Clare Valley   
Henschke Cyril Henschke    Cabernet Sauvignon    S.A. Keyneton   
Henschke Mount Edelstone    Shiraz    S.A. Keyneton   
Jasper Hill Emily’s Paddock    Shiraz-Cabernet Franc    Vic. Heathcote   
Jasper Hill Georgia’s Paddock    Shiraz    Vic. Heathcote   
Jim Barry The Armagh    Shiraz    S.A. Clare Valley   
Mount Mary     Pinot Noir    Vic. Yarra Valley   
Pierro   Chardonnay    W.A.  Margaret  River   
Rockford Basket Press    Shiraz    S.A. Barossa Valley   
Tahbilk 1860 Vines    Shiraz    S.A. Clare Valley   
Wendouree    Cabernet-Malbec    S.A. Clare Valley   
Wendouree   Cabernet  Sauvignon    S.A. Clare Valley   
Wendouree    Shiraz-Malbec    S.A. Clare Valley   
Wendouree    Shiraz-Mataro    S.A. Clare Valley   
Yeringberg   Cabernet  Blend    Vic. Yarra Valley   
Yarra Yering No. 1    Cabernet    Vic. Yarra Valley   
3. EXCELLENT WINE  
Bannockburn   Chardonnay    Vic.  Geelong   
Barossa Valley Estate E & E 
Black Pepper    Shiraz    S.A. Barossa Valley   
Charles Melton Nine Popes    Shiraz-Grenache-
Mourvedre    S.A. Barossa Valley   
Coriole Lloyd Reserve    Shiraz    S.A. McLaren Vale   
Craiglee   Shiraz    Vic.  Sunbury   
Dalwhinnie   Cabernet   Vic.  Moonambel   
De Bortoli Noble One    Botrytis Semillon    N.S.W. Riverina   
Elderton Command    Shiraz    S.A. Barossa Valley   
Grosset Watervale    Riesling    S.A. Clare Valley   
Hardys Eileen Hardy   Shiraz    S.A.  Various   
Howard Park    Cabernet-Merlot   W.A.  Margaret  River   
Irvine Grand     Merlot    S.A. Eden Valley   
Joseph Moda Amarone    Cabernet-Merlot    S.A. Coonawarra & 
McLaren Vale   
Lake’s Folly White Label    Cabernet Blend    N.S.W. Hunter Valley   
Mount Langi Ghiran Langi    Shiraz    Vic. Grampians   
Mount Mary    Chardonnay    Vic. Yarra Valley   
Penfolds Bin 389    Shiraz    S.A. Various   
Penfolds St Henri    Shiraz-Cabernet    S.A. Various   
Petaluma   Chardonnay    S.A  Piccadilly  Valley   
Petaluma Coonawarra    Cabernet-Merlot   S.A.  Coonawarra   
(continued next page)  148
 
TABLE 4.5 (CONTINUED) 
SUMMARY DETAILS OF THE WINES IN THE SAMPLE 
Brand   Variety    Region   
Petaluma    Riesling    S.A. Clare Valley   
Peter Lehmann Stonewell    Shiraz    S.A. Barossa Valley   
Redbank Sally’s Paddock    Cabernet-Shiraz-Cabernet 
Franc-Merlot   Vic.  Redbank   
St. Hallett Old Block    Shiraz    S.A. Barossa Valley   
Tyrrell’s Vat 47    Chardonnay   N.S.W.  Hunter  Valley   
Tyrrell’s Vat 1    Semillon   N.S.W.  Hunter  Valley   
Wolf Blass Black Label    Cabernet Blend    S.A. Various   
Wynns Coonawarra Estate 
John Riddoch    Cabernet Sauvignon    S.A. Coonawarra   
Yarra Yering No. 2    Shiraz    Vic. Yarra Valley   
4. DISTINGUISHED WINE  
Bowen Estate    Cabernet Sauvignon   S.A.  Coonawarra   
Bowen Estate    Shiraz    S.A. Coonawarra   
Cape Mentelle    Chardonnay   W.A.  Margaret  River   
Cape Mentelle    Shiraz    W.A. Margaret River   
Coldstream Hills Reserve    Chardonnay    Vic. Yarra Valley   
Coldstream Hills Reserve    Pinot Noir    Vic. Yarra Valley   
Cullen   Chardonnay    W.A.  Margaret  River   
Katnook Estate     Cabernet Sauvignon   S.A.  Coonawarra   
Lake’s Folly Yellow Label    Chardonnay   N.S.W.  Hunter  Valley   
Leeuwin Estate Art Series    Cabernet Sauvignon    W.A. Margaret River   
Leconfield   Cabernet  Sauvignon   S.A.  Coonawarra   
Lindemans Limestone Ridge    Shiraz-Cabernet   S.A.  Coonawarra  
Lindemans Pyrus    Cabernet Blend   S.A.  Coonawarra  
Lindemans St. George    Cabernet   S.A.  Coonawarra   
Mountadam   Chardonnay    S.A. Eden Valley   
Orlando Lawsons    Shiraz    S.A. Padthaway   
Orlando St. Hugo    Cabernet   S.A.  Coonawarra   
Penfolds Magill Estate    Shiraz   S.A.  Adelaide   
Plantagenet   Cabernet  Sauvignon    W.A. Mount Barker   
Pipers Brook Vineyard    Riesling    Tas. Pipers Brook   
Seppelt Dorrien    Cabernet    S.A. Barossa Valley   
Seppelt Great Western    Shiraz    Vic. Grampians   
Taltarni   Cabernet  Sauvignon   Vic.  Moonambel   
Tyrrell’s Vat 9    Shiraz    N.S.W. Hunter Valley   
Vasse Felix    Cabernet Sauvignon   W.A.  Margaret  River  
Virgin Hills    Cabernet-Shiraz-Merlot-
Malbec   Vic.  Kyneton   
Wynns Coonawarra Estate    Cabernet Sauvignon    S.A. Coonawarra   
Xanadu Reserve    Cabernet    W.A.  Margaret  River   
Yarra Yering    Pinot Noir    Vic. Yarra Valley   
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4.5 THE DATA  
 
The data, kindly provided by Langton’s auction house, have been summarised at 
the quarterly frequency, and cover the period 1988Q1 to 2000Q4. While there are other 
auctioneers of fine wine in Australia, the majority of sales take place through Langton’s. 
At any given auction it is possible for several lots of an identical wine to be presented 
for sale. If several lots of an identical wine were presented for sale, the unweighted 
arithmetic mean of the highest and lowest hammer price has been used as the price. This 
assumption was necessary due to the way the data was stored in the Langton’s computer 
system. If more than one auction took place in any given quarter, the unweighted 
arithmetic mean of the prices recorded for each auction have been used as the sale 
prices for that quarter. Vintages prior to 1965 were excluded from the sample as they 
are likely to be traded as antiques. Also, few trades took place prior to 1989Q4, and as 
such, periods prior to 1989Q4 are excluded from the sample.  
 
In total there were 14,102 usable observations covering 84 of the 89 wines listed 
in Table 4.5. The data set is unique, and much effort was required to put the information 
provided by Langton’s into a usable format. Table 4.6 is an example of the price 
information collated for each wine. For the interested reader a data appendix compact 
disk is provided at the back of the thesis. The appendix contains summary price 
information on the 84 wines traded during the sample period. The files are in a read 
only format and the values shown, like those in Table 4.6, have been rounded to the 
nearest dollar. 
 
While it would be overwhelming to present each individual wine table, the data 
can be summarised in meaningful ways. Consider first, Panel A of Figure 4.1. The 
figure records the number of observations in each quarter, and shows how over the 
sample period, turnover increased. The average number of quarterly observations in the 
first four quarters was 125, while for the last four quarters the average number of 
observations was 664. As an adjacent period hedonic model is used to estimate price 
changes, the estimates for the later periods are necessarily more precise than those in the 
earlier periods. 
 
Panel B of Figure 4.1 shows the number of observations from each vintage. This 
visual representation helps illustrate an intriguing aspect of the wine auction market. In   150
recent history, two of the most celebrated Australian vintages have been 1986 and 1990. 
Vintage 1989 on the other hand, was a difficult vintage, and the wines from this vintage 
are generally considered to be of below average quality. As Panel B indicates the total 
number of observations from each vintage, a possible interpretation of the picture 
presented in Panel B is that wines from poor vintages disappear from the market faster 
than wines of average quality, while wines from above average vintages tend to appear 
more frequently. Such an interpretation is consistent with the suggestion of Ashenfelter 
et al. (1995, p. 9) that wines of a lesser quality trade less frequently and disappear from 
the market faster than wines of a higher quality. 
 
Figure 4.2 presents an alternative data summary. Panel A of Figure 4.2 records 
the number of observations from each of the four Langton’s classifications, and the 
mean number of observations. The number above each column represents the total 
number of observations in each category. Thus, in the sample, Excellent wines are 
slightly overrepresented, and Outstanding wines are slightly underrepresented. 
 
Panel B of Figure 4.2 shows the number of observations from each of the eight 
wine styles. Some assumptions are necessary to classify wines this way, and the 
assumptions are as follows. First, if a wine is predominantly one grape variety it has 
been classed as being 100 percent the main variety. A classic example of where this 
assumption is used is Penfold’s Bin 95 Grange, which while predominantly Shiraz, may 
contain up to 12 percent Cabernet Sauvignon in any one year. Such simplifications are 
not controversial, for as long as the wine contains 85 percent of any given variety, 
Australian labelling law is such that the wine label need only acknowledge the dominant 
variety. Also, for any wine containing both Cabernet Sauvignon and Merlot, it is 
assumed the dominant variety is Cabernet Sauvignon. Again this is an uncontroversial 
assumption. 
 
Panel B of Figure 4.2 is interesting. It shows that although the majority of wine 
sold at auction is either Shiraz or Cabernet based, reasonable quantities of other wine 
types are traded; in particular, Chardonnay and Pinot Noir. In the figure the number 
above each column indicates the total number of observations for each variety. In all 
there are 2,660 observations for non Shiraz or Cabernet wines; approximately 19 
percent of the total. Clearly, studying the return to only Cabernet, or Cabernet and 
Shiraz wines, would be to ignore a substantial part of the wine auction market.   151
TABLE 4.6 
SUMMARY PRICE INFORMATION: WOLF BLASS “BLACK LABEL” CABERNET BLEND 
(Dollars per bottle) 
Vintage 
Period 
65  66  67  68  69  70  71  72  73  74  75  76  77 78  79 80  81  82 83 84 85 86 87 88 89 90 91 92  93  94 95 96 97 98 99  00 
89Q4  -  -  -  -  -  -  -  -  -  -  -  -  - - - -  - - - - - - - - - - - - - - - - - - -  - 
90Q1  -  -  -  -  -  -  -  -  -  -  -  -  - - - -  - - - - - - - - - - - - - - - - - - -  - 
90Q2  -  -  -  -  -  -  -  -  -  -  -  -  - - - -  - - - - - - - - - - - - - - - - - - -  - 
90Q3  -  -  -  -  -  -  -  -  -  -  -  -  - - - -  - - - - - - - - - - - - - - - - - - -  - 
90Q4  -  -  -  -  -  -  -  -  -  -  -  -  - - - -  - - - - - - - - - - - - - - - - - - -  - 
91Q1  -  -  -  -  -  -  -  -  -  -  -  -  - - - -  - - - - - - - - - - - - - - - - - - -  - 
91Q2  -  -  -  -  -  -  -  -  -  -  -  -  - - - -  - - - - - - - - - - - - - - - - - - -  - 
91Q3  -  -  -  -  -  -  -  -  -  -  -  -  - - - -  - - - - - - - - - - - - - - - - - - -  - 
91Q4  -  -  -  -  -  -  -  -  -  -  -  -  - - - -  - - - - - - - - - - - - - - - - - - -  - 
92Q1  -  -  -  -  -  -  -  -  -  -  -  -  - - - -  - - - - - - - - - - - - - - - - - - -  - 
92Q2  -  -  -  -  -  -  -  -  -  -  -  -  - - - -  - - - - - - - - - - - - - - - - - - -  - 
92Q3  -  -  -  -  -  -  -  -  -  -  -  -  - - - -  - - - - - - - - - - - - - - - - - - -  - 
92Q4  -  -  -  -  -  -  -  -  -  -  -  -  23  - - -  20  31  23  26  24  - - - - - - - - - - - - - -  - 
93Q1  -  -  -  -  -  -  -  -  -  31  -  -  - - - -  - -  22  21  - - - - - - - - - - - - - - -  - 
93Q2  -  -  -  -  -  -  -  -  26  32  35  26  31  24  -  28  25  32  -  24  26  - - - - - - - - - - - - - -  - 
93Q3  -  -  -  -  -  -  -  -  -  23  -  -  24  - - -  - - - - - - - - - - - - - - - - - - -  - 
93Q4  -  -  -  -  -  -  -  -  -  -  -  -  - - -  34  28  - - - -  21  - - - - - - - - - - - - -  - 
94Q1  -  -  -  -  -  -  -  -  38  -  -  -  - - - -  - -  27  26  24  27  - - - - - - - - - - - - -  - 
94Q2  -  -  -  -  -  -  -  -  37  -  34  -  - - -  38  - -  37  -  33  26  - - - - - - - - - - - - -  - 
94Q3  -  -  -  -  -  -  -  -  26  34  -  -  -  31  26  31  40  -  34  -  30  - - - - - - - - - - - - - -  - 
94Q4  -  -  -  -  -  -  -  -  -  23  -  -  -  29  - -  - -  27  26  33  28  - - - - - - - - - - - - -  - 
95Q1  - - - - - - - - - - - - - 32 - - - 32 -  -  -  -  -  - 23  24  24 -  -  -  -  -  -  - - - 
95Q2  - - - - - - - - - -  40  - - - 26  40  34  36 -  - 36  34 -  -  -  - 34 -  -  -  -  -  -  - - - 
95Q3  - - - - - - - - -  36  - - - -  - 46  38 - 40 -  -  -  -  -  -  - 26 -  -  -  -  -  -  - - - 
95Q4  - - - - - - - - -  30  - - - -  - 26  29 -  - 30  29  46 -  -  - 32 -  -  - 27 -  -  -  - - - 
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TABLE4.6 (CONTINUED) 
SUMMARY PRICE INFORMATION: WOLF BLASS “BLACK LABEL” CABERNET BLEND 
(Dollars per bottle) 
Vintage 
Period 
65  66  67  68  69  70  71  72  73  74  75  76  77 78  79 80  81  82 83 84 85 86 87 88 89 90 91 92  93  94 95 96 97 98 99  00 
96Q1  - - - - - - - - - - -  30  - -  - -  42 -  -  - 44  47 -  -  -  - 32  29 -  -  -  -  -  - - - 
96Q2  - - - - - - - - - - - - - -  - - - -  -  -  - 38 -  -  -  - 31  32 -  -  -  -  -  - - - 
96Q3  - - - - - - - -  42  45  43  33  - 36  41 -  35 -  - 42  35  42 - 47 -  - 32 -  -  -  -  -  -  - - - 
96Q4  -  -  -  -  -  -  -  -  51  51  51  41  -  39  43  46  40  -  42  42  -  43  - - - -  32  33  - - - - - - -  - 
97Q1  -  -  -  -  -  -  -  -  52  -  52  -  43  37  - -  43  - - - -  49  - - - - - - - - - - - - -  - 
97Q2  - - - - - - - - -  42  -  55  - 40 - - - -  -  - 55 -  -  -  -  - 54 -  -  -  -  -  -  - - - 
97Q3  - - - - - - - -  55  62  66  60  61  61  56  63  55  59  66  75  56  72  56 - 56  63 -  -  -  -  -  -  -  - - - 
97Q4  - - - - - - - -  61  61  57  - -  -  -  -  59  73  57  62 - 85 -  -  - 91  65  61 -  -  -  -  -  -  - - 
98Q1  - - - - - - - -  70  - - - - 70 - - - - 54  70 -  -  -  - 51 - 61 -  -  -  -  -  -  - - - 
98Q2  - - - - - - - - -  62  66  - - -  - -  61 -  -  -  -  -  -  -  -  - 68 - 62 -  -  -  -  - - - 
98Q3  - - - - - - - -  71  59  - - - 51  80  58  50  67  57  57  50 - 50 -  - 70  59  45  65 -  -  -  -  - - - 
98Q4  - - - - - - - -  66  57  61  50  40 - 52  61  50  60  50  50  57 -  -  - 96 - 65  56  53 -  -  -  -  -  - - 
99Q1  -  -  -  -  -  -  -  - 65  52  60 - 48 -  65 70  60 65 58 61 56 78 55 60 55 76 65 60 65 55  -  -  -  -  -  - 
99Q2  - - - - - - - - -  60  76  65  65  56  60 - - 70 - 71  55  65  64  60  58 - 58  52 -  -  -  -  -  - - - 
99Q3  - - - - - - - -  78  66  71  -  51 -  - - - 66 -  - 56  76  60 -  - 85  58  57  60  61 -  -  -  - - - 
99Q4  - - - - - - - -  72  86  89  60  - 56 - - - 56 - 58  52 -  -  - 53 - 61 - 56  51 -  -  -  - - - 
00Q1  -  -  -  -  -  -  -  -  75  68  53  -  -  56  60  65  - - - -  61  71  - - - - -  66  61  64  - - - - -  - 
00Q2  - - - - - - - -  66  73  71  -  59  47  75  61  59  64  57  56  52  50  51 -  -  - 75  58  68  67 -  -  -  - - - 
00Q3  - - - - - - - - -  71  64  - - 59 - - - -  - 60  58  70  66  60 - 72  71 -  -  -  -  -  -  - - - 
00Q4  - - - - - - - -  70  64  -  50  53 -  - 63  56  57 - 57  54 -  -  - 50 - 52  42  58  55 -  -  -  - - -   153
FIGURE 4.1 
WINE DATA SUMMARY
A. Observation Frequency Through Time
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FIGURE 4.2 
ALTERNATE WINE DATA SUMMARY
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4.6 THE ANALYTICAL FRAMEWORK  
 
Although the central purpose of the chapter is to calculate the average return to 
investment quality wine, certain sub-market portfolios are also of interest. As the one 
commercially available wine index is based on wines from vintages 1986, 1990, and 
1994 only, this is a natural sub-market portfolio to consider. Also, Penfolds Bin 95 
Grange is the wine most associated with wine investment, and the wine most written 
about in newspapers. Given its high profile, an investment portfolio consisting solely of 
Grange is therefore another investment portfolio whose return is of interest.  
 
To calculate the average return to wine, and the return to a basket of vintage 
1986, 1990, and 1994 only wines, an adjacent period hedonic price model is used. The 
properties of the approach are discussed at some length in Section 4.2 and Appendix 
4.1, and so are not discussed here. The hedonic price approach does, however, assume it 
is possible to completely describe the underlying attributes of the product in question. It 
is therefore assumed the price of a bottle of wine sold at auction is completely described 
by: (i) time of sale (1989Q4 – 2000Q4); (ii) vintage (1965 – 2000); (iii) Langton’s 
rating: Exceptional, Outstanding, Excellent, and Distinguished; and (iv) grape variety: 
Shiraz, Cabernet, Merlot, Pinot Noir, Botrytis, Chardonnay, Semillon, and Riesling. It 
may be tempting to consider region as a relevant characteristic, however, as noted in 
Chapter 3, for Australia, region is generally only relevant when considering established 
wine regions versus non-established wine regions. As the wines considered are all from 
regions renowned for producing fine wine, region is not thought to be an important 
attribute. Further, the penalty for including region, in terms of degrees of freedom, is 
large, and in some instances results in an unidentifiable model. 
 
For the data set, as described above, the adjacent period hedonic price model can 
be written as: 
0
VKC
is v isv k isk c isc is vk c p xyz u βγ φ δ =+ + + + ∑∑∑     (4.1) 
0  .
VKC
it st v itv k itk c itc it vk c p xyz u αβ γ φ δ =++ + + + ∑ ∑∑    (4.2) 
In the above,  is p  is the natural logarithm of the price of wine   ( 1,..., ) ii n =  in period 
 (1 ) ; ss t =−   it p   is the natural logarithm of the price of wine i in period 
 ( 1990Q1,...,2000Q4); tt =  and n is equal to the sum of the number of observations in 
periods t and s. If wine i, a wine sold in period s, is from vintage   ( 1965,...,2000) vv =    156
then  isv x  takes the value one; zero otherwise. If wine i, a wine sold in period s, is from 
Langton’s classification   ( 1,...,4) kk =  then  isk y  takes the value one; zero otherwise. If 
wine i, a wine sold in period s, is from grape variety  ( 1,...,8) cc =  then  isc z  takes the 
value one; zero otherwise. The interpretation for wines sold in period t is the same. As 
the  0, β , v γ , k φ  and  c δ coefficients are constrained to be the same in adjacent periods, 
the estimated average percentage change in price between period s and period t can be 
found as () ˆ exp( ) 1 100, st α −×  where  ˆst α is the OLS estimate of  . st α  The  is u  and  it u  in 
equations (4.1) and (4.2) are zero mean error terms, which may or may not have 
constant variance.  
 
When estimating the return to Grange, infrequent sales and heterogeneity are not 
a problem. As such, to calculate the investment return to a portfolio of Grange, a 
chained Laspeyres price index approach has been used. As generally a new vintage 
appears in the market each year, some care is required when estimating price changes. 
The approach used can be described as follows. In period t, a portfolio of Grange 




n p p   The arithmetic mean of which is: 
1 1.
t n t
tt i i I np
= = ∑   The possibility of the 
introduction of a new vintage in period t+1 is, for the moment, ignored, and so the 
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In period t+1, a portfolio of Grange consists of  1 + t n  bottles of Grange, each from a 
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These percentage changes provide the basis for developing a Grange Price Index. On 
occasion a quarter passed when a particular vintage of Grange was not sold. In such 
instances the arithmetic mean of the price either side of the missing observation has 
been used to fill the vacancy. The actual price data used to construct the index, 
including the values calculated by interpolation, and worked examples of the 
calculations, are presented in Appendix 4.2. 
 
4.7 THE RESULTS  
 
In the hedonic price equations estimated, as the right hand variables are dummy 
variables, to avoid perfect multicollinearity it is necessary to include a vintage, a 
variety, and one of the Langton’s ratings in the base. The base vintage is always the 
earliest, 1965 or 1986; the base rating is always the highest, Exceptional; and the base 
variety is always Shiraz. If appropriate, standard errors are corrected for 
heteroscedasticity. Given the dummy variable nature of the regressors, the White (1980) 
general test for heteroscedasticity appeared inappropriate. As such the Koenker and 
Bassett adjusted Breusch-Pagan Lagrange Multiplier test was used to test for 
heteroscedasticity (Greene 2003, p. 224). In this instance, the original regressors 
comprise the vector of variables used in the test. When homoscedasticity is rejected, the 
White (1980) general correction is used to calculate correct standard errors. These 
standard errors are then scaled by a factor of  /( ), nnk −  where  n is the number of 
observations, and k the number of regressors. The standard errors are scaled as 
Davidson and Mackinnon (1993), discussed in Greene (2003, p. 220), suggest this as an 
appropriate adjustment to White’s standard errors, especially in small samples. All 
adjacent period hedonic price equations were estimated using GAUSS 5.0. 
 
While it is useful to refer to -- and essential to report -- the complete estimation 
results, it would be overwhelming to present the estimation results in their entirety here. 
So, while complete estimation results are reported in Appendix 4.4, only summary 
results are reported in Table 4.7 (point estimates) and Table 4.8 (t-ratios). And, although 
specific results will be examined in detail in later sections, some initial comments on the 
results reported in Table 4.7 are warranted. Looking first at the estimated mean log price 
changes -- log returns -- we see the estimated mean quarterly change in the log price of 
Australian investment quality wine between 1989Q4 and 2000Q4 was .023. The   158
estimated mean quarterly change in the log price of vintage 1986, 1990, and 1994 wines 
at .034, is noticeably higher.  
 
The mean vintage coefficients refer to the premium or discount, relative to 
vintage 1965, that each vintage, on average, sold for. The vintage premium or discount 
figures are not adjusted for age. So, in Table 4.7, as we move down the mean point 
estimate column from vintage 1966 to vintage 2000 we should see the discount relative 
to vintage 1965 increase. In fact, if the wine produced in each vintage was of the same 
quality, we would expect to see the discount between vintage 1965 and subsequent 
vintages increase by a constant amount. In the case of constant quality, relative to 
vintage 1965, vintage 1966 wine should sell, on average, for a discount of four times the 
mean quarterly return to wine; specifically, the discount should be () .023 4 .092 . ×=  
However, as can be seen from Table 4.7, on average, vintage 1966 wine sold for a 
premium relative to vintage 1965. Although by considering the summary t-ratio 
information in Table 4.8, it can be seen the premium, on average, was not statistically 
significant. In the case of constant quality, relative to vintage 1965, vintage 1967 wine 
should sell, on average, for a discount of eight times the mean quarterly return to wine; 
specifically, the discount should be ( ) .023 8 .184 . ×=  The estimated mean discount, as 
recorded in Table 4.7, is in fact .247. Although again, by considering the t-ratio 
information in Table 4.8 it can be seen the discount was generally not statistically 
significant. 
 
Visual inspection of the remaining mean vintage coefficient estimates is enough 
to see they do not fall by .092 with each subsequent vintage. That the vintage 
coefficients do not follow such a pattern suggests, once other factors are controlled for, 
vintage quality is not constant. Quality variation between vintages is legendary, and so 
the empirical findings are not surprising. Variation in vintage quality, and its 
implications are explored more fully in Section 4.8. For the vintage 1986, 1990, and 
1994 only portfolio, the base vintage is vintage 1986, and so the vintage 1990 and 
vintage 1994 coefficients represent -- the unadjusted for age -- discount relative to 
vintage 1986. Specifically, the average discount for vintage 1990 wine is estimated to 
be .164, and the average discount for vintage 1994 wine is estimated to be .392. The 
summary t-ratio information in Table 4.8 shows that while the discount was not always   159
statistically significant for vintage 1990 wine, in almost all cases the discount for 
vintage 1994 wine was statistically significant.  
 
The grape variety coefficients represent the average discount or premium, 
associated with each variety, relative to Shiraz. In themselves the coefficients are not 
particularly interesting, although the trend in the estimated values, a topic which is 
examined in Section 4.8, is very interesting. The mean estimates of the various 
Langton’s coefficients are not surprising. As noted earlier, the Langton’s ratings broadly 
reflected price brackets. In descending order, the brackets are: Exceptional, 
Outstanding, Excellent, and Distinguished. In both the all vintage, and vintage 1986, 
1990, and 1994 only models, the base rating is Exceptional and the estimated coefficient 
means follow the expected order of increasing discount relative to the base. For the all 
wine portfolio the mean discounts in log price terms are: Outstanding (.715), Excellent 
(.972), and Distinguished (1.121). For the vintage 1986, 1990, and 1994 only portfolio 
the mean log price discounts are: Outstanding (.660), Excellent (.830), and 
Distinguished (1.029).   
          
As the primary objective of the chapter is to establishing the rate of return to 
wine, it is valuable to elaborate on the summary return information presented in Table 
4.7. For the three portfolios considered: all wine, vintage 1986, 1990, and 1994 only, 
and Grange only, Table 4.9 presents detailed return information. For each quarter, Table 
4.9 gives the point estimate and standard error for the all wine and vintage 1986, 1990, 
and 1994 only portfolios, as well as the percentage return and index value for all three 
portfolios.  
 
In Table 4.9, for the all wine and vintage 1986, 1990, and 1994 columns, the 
first entry is the point estimate of the log return for the quarter indicated, and the second 
entry is the associated standard error. The entry in the return column, when multiplied 
by 100, is the estimated mean quarterly percentage return, and is found as  , ˆ exp( ) 1
t
i β −  
where  ˆt
i β   is the estimated log return for portfolio  (1 , 2 ) ii =   in the adjacent period 
ending in period   ( 1990Q1,...,2000Q4). tt =  The estimated mean quarterly returns, when 
expressed this way, are directly comparable with the estimates of quarterly returns 
presented for the Grange portfolio. Summary information on the average return, the   160
standard deviation of returns, and the coefficient of variation 
() standard deviation return  are also presented in Table 4.9.  
 
For the period 1989Q4 to 2000Q4, for the all wine portfolio, the estimated mean 
quarterly return was 2.6 percent, standard deviation 6.7 percent, and coefficient of 
variation 2.58. Interestingly, for those with an eye for the more expensive wines, the 
Grange only portfolio, with estimated mean quarterly return 2.7 percent, standard 
deviation 5.9 percent, and coefficient of variation 2.19, performed slightly better than 
the all wine portfolio. Given much return information was already available when 
Langton’s selected the vintages for their index, it is not surprising to find a portfolio of 
vintage 1986, 1990, and 1994 only wines outperformed the other portfolios in terms of 
return. Yet, the estimated mean quarterly return of 4.0 percent is associated with a 
standard deviation of 10.1 percent, and so a coefficient of variation of 2.52. So, once 
risk is taken into consideration, it is not clear a vintage 1986, 1990, and 1994 only 
portfolio is more desirable. Intuitively the result makes sense. A portfolio consisting of 
wines from only three vintages is less diversified than a portfolio consisting of wines 
from 35 vintages. So, assuming returns to different vintages are not perfectly correlated, 
it is natural to expect a portfolio with only three vintages to display greater variability of 
returns. 
 
If an index value of 100 is used for period 1989Q4, the quarterly return 
information can be used to construct a price index for each portfolio. The result, when 
this is done, is shown in the index column of Table 4.9, and illustrated in Figure 4.3. 
The index values in 2000Q4 are: all wine portfolio (279.9), vintage 1986, 1990, and 
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TABLE 4.7 
SUMMARY ESTIMATION RESULTS: POINT ESTIMATES 
  All Wines    Vintage 1986,1990 and 1994 
  Obs.  Mean  St. Dev. Max  Min  Median    Obs.  Mean St. Dev.  Max  Min  Median 
Log Return  44 0.023  0.065  0.178  -0.110  0.028    44 0.034 0.098  0.303  -0.219 0.037 
Vintage                         
1966 43  0.086  0.270  0.591  -0.494  0.087    -  -  -  -  -  - 
1967 44  -0.247  0.299  0.547  -0.838  -0.279    -  -  -  -  -  - 
1968 44  -0.406  0.320  0.220  -1.100  -0.340    -  -  -  -  -  - 
1969 43  -0.561  0.286  0.072  -1.059  -0.572    -  -  -  -  -  - 
1970 44  -0.393  0.264  0.158  -0.970  -0.429    -  -  -  -  -  - 
1971 44  -0.044  0.299  0.994  -0.686  -0.064    -  -  -  -  -  - 
1972 44  -0.554  0.284  0.259  -1.075  -0.583    -  -  -  -  -  - 
1973 44  -0.495  0.282  0.108  -1.256  -0.449    -  -  -  -  -  - 
1974 44  -0.425  0.338  0.425  -1.238  -0.481    -  -  -  -  -  - 
1975 44  -0.370  0.276  0.196  -0.928  -0.361    -  -  -  -  -  - 
1976 44  -0.222  0.297  0.401  -0.781  -0.225    -  -  -  -  -  - 
1977 44  -0.462  0.296  0.230  -1.068  -0.509    -  -  -  -  -  - 
1978 44  -0.418  0.242  0.078  -0.901  -0.427    -  -  -  -  -  - 
1979 44  -0.431  0.281  0.369  -0.902  -0.459    -  -  -  -  -  - 
1980 44  -0.344  0.234  0.187  -0.821  -0.339    -  -  -  -  -  - 
1981 44  -0.455  0.231  -0.020  -1.198  -0.463    -  -  -  -  -  - 
1982 44  -0.260  0.246  0.269  -0.722  -0.269    -  -  -  -  -  - 
1983 44  -0.485  0.249  0.025  -1.152  -0.483    -  -  -  -  -  - 
1984 44  -0.509  0.245  0.010  -0.963  -0.506    -  -  -  -  -  - 
1985 44  -0.510  0.274  0.047  -1.182  -0.508    -  -  -  -  -  - 
1986 44  -0.338  0.300  0.220  -1.154  -0.311    -  -  -  -  -  - 
1987 44  -0.578  0.268  -0.031  -1.114  -0.562    -  -  -  -  -  - 
1988 44  -0.563  0.285  -0.038  -1.293  -0.498    -  -  -  -  -  - 
1989 41  -0.687  0.366  0.087  -1.564  -0.656    -  -  -  -  -  - 
1990 37  -0.455  0.341  0.065  -1.024  -0.490    37 -0.164 0.176  0.073  -0.551 -0.148 
1991 35  -0.495  0.512  1.015  -1.221  -0.424    -  -  -  -  -  - 
1992 32  -0.651  0.304  -0.143  -1.212  -0.585    -  -  -  -  -  - 
1993 29  -0.669  0.297  -0.235  -1.417  -0.557    -  -  -  -  -  - 
1994 22  -0.570  0.292  -0.181  -1.357  -0.518    22 -0.392 0.160  -0.233  -0.862 -0.329 
1995 19  -0.591  0.183  -0.354  -1.163  -0.602    -  -  -  -  -  - 
1996 16  -0.578  0.152  -0.361  -0.860  -0.616    -  -  -  -  -  - 
1997 12  -0.597  0.108  -0.489  -0.771  -0.553    -  -  -  -  -  - 
1998 9  -0.574  0.174  -0.360  -0.873  -0.621    -  -  -  -  -  - 
1999 5  -0.644  0.143  -0.530  -0.877  -0.563    -  -  -  -  -  - 
2000  1  -0.855  -  -0.855 -0.855  -0.855    -  -  -  -  -  - 
Grape Variety                         
Cabernet 44  -0.153  0.062  0.007  -0.283  -0.156    44 -0.063 0.136  0.385  -0.265 -0.091 
Chardonnay 44  -0.093  0.165  0.259  -0.336  -0.120    44 -0.136 0.236  0.597  -0.461 -0.166 
Pinot Noir  44  0.187  0.219  0.513  -0.092  0.101    43 0.213 0.309  0.955  -0.330 0.201 
Riesling 44  -0.391  0.156  -0.004  -0.626  -0.447    34 -0.448 0.147  -0.048  -0.629 -0.483 
Botrytis 38  0.171  0.277  0.762  -0.211  0.130    22 -0.131 0.239  0.173  -0.549 -0.113 
Merlot 16  0.175  0.241  0.402  -0.339  0.318    11 0.069 0.236  0.311  -0.298 0.231 
Semillon 37  -0.480  0.093  -0.272  -0.753  -0.501    33 -0.402 0.192  0.079  -0.858 -0.423 
Langton’s                         
Outstanding 44  -0.715  0.101  -0.554  -0.926  -0.707    44 -0.660 0.142  -0.260  -1.025 -0.663 
Excellent 44  -0.972  0.104  -0.745  -1.156  -1.003    44 -0.830 0.275  -0.111  -1.193 -0.873 
Distinguished 44  -1.121  0.169  -0.758  -1.378  -1.180   44 -1.029 0.330  -0.305  -1.433 -1.162 
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TABLE 4.8 
SUMMARY ESTIMATION RESULTS: T-VALUES 
  All Wines    Vintage 1986,1990 and 1994 
  Obs.  Mean  St. Dev.  Max  Min  Median    Obs.  Mean St. Dev.  Max  Min  Median 
Log Return  44 0.676  1.831  4.126  -3.253 0.904    44 0.482 0.938  2.317  -1.680  0.578 
Vintage                       
1966 43  0.305  0.896  2.231  -1.612  0.330    -  -  -  -  -  - 
1967 44  -0.966  1.068  1.526  -2.772  -1.059    -  -  -  -  -  - 
1968 44  -1.733  1.576  0.404  -7.795  -1.634    -  -  -  -  -  - 
1969 43  -2.389  1.970  0.122  -9.398  -2.161    -  -  -  -  -  - 
1970 44  -1.931  1.731  0.496  -7.051  -1.634    -  -  -  -  -  - 
1971 44  -0.158  1.057  3.678  -3.154  -0.246    -  -  -  -  -  - 
1972 44  -2.822  1.949  0.893  -7.519  -2.765    -  -  -  -  -  - 
1973 44  -2.295  1.529  0.338  -6.115  -2.395    -  -  -  -  -  - 
1974 44  -2.134  2.168  1.423  -10.72  -2.014    -  -  -  -  -  - 
1975 44  -1.742  1.409  0.603  -5.192  -1.639    -  -  -  -  -  - 
1976 44  -1.180  1.474  1.490  -5.426  -0.935    -  -  -  -  -  - 
1977 44  -2.265  1.798  0.900  -8.105  -2.222    -  -  -  -  -  - 
1978 44  -2.261  2.037  0.148  -9.522  -1.888    -  -  -  -  -  - 
1979 44  -2.471  2.235  1.439  -9.313  -2.125    -  -  -  -  -  - 
1980 44  -1.936  1.652  0.356  -7.398  -1.626    -  -  -  -  -  - 
1981 44  -2.500  1.956  -0.041  -8.244  -2.183    -  -  -  -  -  - 
1982 44  -1.718  2.004  0.829  -8.967  -1.245    -  -  -  -  -  - 
1983 44  -2.503  1.665  0.048  -7.429  -2.384    -  -  -  -  -  - 
1984 44  -3.028  2.501  0.018  -10.44  -2.520    -  -  -  -  -  - 
1985 44  -3.098  2.685  0.096  -11.79  -2.567    -  -  -  -  -  - 
1986 44  -2.087  2.310  0.447  -10.33  -1.421    -  -  -  -  -  - 
1987 44  -3.467  2.911  -0.064  -14.08  -2.828    -  -  -  -  -  - 
1988 44  -3.317  3.062  -0.077  -14.79  -2.591    -  -  -  -  -  - 
1989 41  -3.968  3.135  0.130  -15.30  -3.065    -  -  -  -  -  - 
1990 37  -2.788  3.090  0.183  -12.52  -1.922    37 -1.485 1.664  1.363  -5.758  -1.755 
1991 35  -3.324  3.606  2.245  -14.84  -2.482    -  -  -  -  -  - 
1992 32  -4.121  3.111  -0.327  -11.85  -3.196    -  -  -  -  -  - 
1993 29  -4.659  4.267  -0.474  -22.46  -3.400    -  -  -  -  -  - 
1994 22  -3.775  3.694  -0.365  -17.99  -2.957    22 -4.856 1.3536  -1.720  -6.831  -5.184 
1995 19  -3.892  3.018  -0.697  -13.84  -3.112    -  -  -  -  -  - 
1996 16  -3.714  2.003  -1.474  -8.569  -3.229    -  -  -  -  -  - 
1997 12  -4.037  2.320  -1.749  -10.42  -3.392    -  -  -  -  -  - 
1998 9  -3.260  1.332  -1.227  -5.371  -3.242    -  -  -  -  -  - 
1999 5  -3.519  1.465  -1.979  -5.541  -3.779    -  -  -  -  -  - 
2000  1  -6.020  -  -6.020 -6.020  -6.020   -  -  -  -  -  - 
Grape Variety                
Cabernet 44  -4.206  2.364  0.101  -9.178  -3.827    44 -1.095 1.358  1.770  -4.212  -1.272 
Chardonnay 44  -2.585  3.607  2.410  -9.181  -2.135    44 -1.525 1.928  1.731  -5.422  -1.302 
Pinot Noir  44  1.775  2.448  5.922  -2.096  1.545    43 0.836 1.668  4.273  -2.345  0.986 
Riesling 44  -6.281  4.981  -0.022  -16.81  -5.223    34 -4.302 3.712  -0.124  -13.86  -3.423 
Botrytis 38  1.056  2.426  5.848  -3.542  1.685    22 -1.618 2.442  2.189  -6.918  -1.245 
Merlot 16  3.815  5.006  12.09  -5.436  4.991    11 1.743 4.299  9.275  -4.063  2.666 
Semillon 37  -6.031  3.118  -1.333  -15.07  -5.977    33 -2.888 2.870  0.241  -12.31  -1.882 
Langton’s                       
Outstanding 44  -12.29  3.946  -6.323  -18.85  -12.10    44 -4.907 2.003  -1.053  -7.824  -5.191 
Excellent 44  -21.17  8.785  -9.804  -40.03  -19.68    44 -7.164 3.843  -0.532  -14.55  -7.610 
Distinguished 44  -24.59 11.91  -9.772  -49.18  -21.54    44 -9.285 5.268  -0.797  -19.35  -9.154 
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TABLE 4.9 
SUMMARY RETURN INFORMATION 
All Wines    Vintage 1986,1990 and 1994    Grange 
Period 
Est. S.E.  Return  Index    Est. S.E.  Return  Index    Return  Index 
1989Q4 -  -  -  100.0    -  - -  100.0    -  100.0 
1990Q1 -0.068  (0.052)  -0.066  93.4    0.105  (0.190)  0.111  111.1    -0.024  97.6 
1990Q2 0.062  (0.065)  0.064  99.4    -0.080  (0.377)  -0.077  102.5    -0.020  95.6 
1990Q3  0.012 (0.057) 0.012 100.5    -0.219 (0.306) -0.196  82.4   -0.033 92.4 
1990Q4  -0.045 (0.044) -0.044  96.1  0.303  (0.131)  0.354  111.5  0.010  93.3 
1991Q1 -0.006  (0.053)  -0.006  95.5    0.049  (0.132)  0.050  117.1    -0.038  89.8 
1991Q2  0.055 (0.049) 0.057 100.9    -0.202 (0.130) -0.183  95.7  0.077 96.7 
1991Q3 0.013  (0.049)  0.013  102.2    0.146  (0.133)  0.157  110.7    0.045  101.0 
1991Q4 0.106  (0.049)  0.112  113.7    0.127  (0.139)  0.136  125.7    0.016  102.7 
1992Q1  -0.110 (0.043) -0.104 101.8   -0.028 (0.088)  -0.028  122.2  0.057 108.6 
1992Q2 0.057  (0.045)  0.059  107.8    0.107  (0.089)  0.113  136.0    0.013  109.9 
1992Q3  -0.017 (0.061) -0.016 106.0   -0.133 (0.124)  -0.124  119.1  0.008 110.8 
1992Q4 0.146  (0.065)  0.158  122.7    0.183  (0.092)  0.201  143.0    0.084  120.2 
1993Q1  -0.090 (0.053) -0.086 112.1   -0.070 (0.110)  -0.068  133.4  0.030 123.8 
1993Q2 0.126  (0.048)  0.134  127.2    0.130  (0.121)  0.139  151.9    0.062  131.4 
1993Q3 0.016  (0.051)  0.016  129.2    0.106  (0.106)  0.112  169.0    -0.019  128.9 
1993Q4  -0.023 (0.052) -0.023 126.2   -0.130 (0.103)  -0.122  148.4  0.045 134.7 
1994Q1 0.178  (0.045)  0.194  150.8    0.158  (0.104)  0.171  173.8    0.155  155.6 
1994Q2  -0.077 (0.044) -0.074 139.6   0.010  (0.098)  0.010  175.6  0.028 159.9 
1994Q3  -0.053 (0.040) -0.051 132.5   0.033  (0.083)  0.033  181.5  0.029 164.6 
1994Q4 0.060  (0.038)  0.062  140.6    0.068  (0.079)  0.070  194.2    -0.081  151.3 
1995Q1 0.062  (0.039)  0.064  149.5    0.070  (0.081)  0.072  208.2    -0.002  151.0 
1995Q2 0.104  (0.040)  0.110  166.0    0.039  (0.088)  0.040  216.6    0.167  176.2 
1995Q3  -0.019 (0.034) -0.019 162.8   0.082  (0.075)  0.085  235.1  0.083 190.7 
1995Q4 0.101  (0.034)  0.106  180.1    0.114  (0.074)  0.121  263.5    0.000  190.7 
1996Q1 0.052  (0.035)  0.053  189.7    0.127  (0.070)  0.136  299.3    0.102  210.1 
1996Q2 0.121  (0.029)  0.129  214.1    0.050  (0.068)  0.051  314.5    0.169  245.5 
1996Q3 -0.083  (0.026)  -0.079  197.2    -0.058  (0.065)  -0.057  296.7    -0.020  240.7 
1996Q4 0.050  (0.027)  0.051  207.2    0.059  (0.059)  0.060  314.6    -0.025  234.7 
1997Q1 0.022  (0.026)  0.023  211.9    0.053  (0.056)  0.055  331.7    0.003  235.3 
1997Q2 0.078  (0.028)  0.081  229.1    0.088  (0.068)  0.092  362.3    0.111  261.5 
1997Q3  0.036 (0.027) 0.037 237.5    -0.009 (0.062) -0.009 359.0   0.122 293.4 
1997Q4 0.072  (0.022)  0.074  255.2    0.093  (0.049)  0.097  394.0    0.016  298.1 
1998Q1 0.033  (0.023)  0.033  263.7    0.053  (0.049)  0.054  415.4    -0.006  296.2 
1998Q2 0.013  (0.022)  0.013  267.2    0.026  (0.047)  0.026  426.2    0.009  298.9 
1998Q3 0.037  (0.020)  0.038  277.3    0.006  (0.043)  0.006  428.6    -0.049  284.3 
1998Q4 -0.057  (0.017)  -0.055  262.0    -0.062  (0.037)  -0.060  402.9    -0.052  269.4 
1999Q1 0.039  (0.017)  0.039  272.3    0.034  (0.038)  0.035  416.9    0.035  278.8 
1999Q2 -0.012  (0.018)  -0.011  269.2    0.024  (0.040)  0.024  427.0    -0.060  262.1 
1999Q3 0.037  (0.017)  0.038  279.4    0.017  (0.037)  0.017  434.4    0.079  282.7 
1999Q4 0.034  (0.016)  0.034  289.0    0.034  (0.036)  0.035  449.5    0.068  302.0 
2000Q1  -0.010 (0.017) -0.010 286.1   0.007  (0.038)  0.007  452.5  0.020 308.1 
2000Q2  0.006 (0.016) 0.006 287.9    -0.011 (0.035) -0.011 447.6    -0.001  307.9 
2000Q3 -0.035  (0.016)  -0.034  278.0    0.006  (0.034)  0.006  450.3    -0.014  303.5 
2000Q4  0.006 (0.016) 0.006 279.7    -0.003 (0.036) -0.003 449.0   0.009 306.3 
Arith.  Mean     0.026         0.040    0.027  
St.  Dev.      0.067         0.101    0.059  
Co. of Var.       2.58          2.52      2.19   
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  Understanding the difference between the performance of a portfolio of wines 
from all vintages, and the performance of a portfolio consisting of wines from only 
certain vintages is important. Commercial wine indices, whether Australian or 
international, are generally based on select vintages, and the vintages selected are 
chosen only after several years worth of return information is available. Commercial 
indices therefore suffer from a type of selection bias, and will typically overstate the 
return to wine. To those with some knowledge of the wine industry, the widely 
divergent performance of wines from different vintages is well known. However, to the 
uninitiated, this phenomenon may lead a person relying on a commercial wine index to 
overestimate the average return to wine investment.  
 
While it has been shown, when looking at specific well defined regions, it is 
possible to forecast the vintages that outperform the average by modelling weather 
during the growing season, Ashenfelter et al. (1995), Byron and Ashenfelter (1995), 
Fogarty (2000), this technique is not widely understood or accepted. It is certainly not 
clear within the Australian context, where the wines traded are drawn from vastly 
different regions, how a weather based model could be used to forecast the vintages that 
will outperform the average. The 2000 vintage may for example be a fantastic vintage 
for Margaret River Cabernet, but a terrible vintage for Barossa Valley Shiraz. As such, 
for an Australia wide context, an index based on the return achieved from holding wines 
from all vintages is thought the best indicator of the return to wine. It therefore appears 
reasonable to conclude, for the period 1989Q4 to 2000Q4, the average return to wine 








FIGURE 4.3  
ACCUMULATION INDEX FOR VARIOUS WINE PORTFOLIOS 
Vintage 86, 90 and 94 
Grange 
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4.8 THE EVOLUTION OF MARGINAL ATTRIBUTE PRICES 
 
Consider, for a moment, the hedonic price equation estimated in the previous 
sections of this chapter which is reproduced below:  
0
VKC
is v isv k isk c isc is vk c p xyz u βγ φ δ =+ + + + ∑∑∑     ( 4 . 1 )  
0  .
VKC
it st v itv k itk c itc it vk c p xyz u αβ γ φ δ =++ + + + ∑ ∑∑    (4.2) 
 
As the quality-adjusted average percentage price change of wine between period s and 
period t is given by  () () ˆ exp 1 100, st α −×  where  ˆst α  is the OLS estimate of  , st α  the  st α  
coefficient is naturally the coefficient of primary interest. Yet the coefficients which 
control for quality differences also contain potentially valuable information. In 
equations (4.1) and (4.2), the  v γ   coefficients represent the premium or discount of 
vintage   ( 1966,...,2000) vv = , relative to vintage 1965; the  k φ  coefficients represent the 
premium or discount of wines with Langton’s classification   (2 , 3 , 4 ) kk = , relative to 
wines with the Langton’s classification Exceptional; and the  c δ  coefficients represent 
the premium or discount of variety  ( 1,...,7) cc =  relative to Shiraz. 
 
As noted previously, these coefficients may vary over time, and by analysing the 
way the coefficients which control for wine heterogeneity evolve through time it is 
possible to compare the relative within group performance of wines with different 
attributes. To illustrate how this can be done, it is useful to concentrate first on just one 
particular set of coefficients, say the variety coefficients. In equations (4.1) and (4.2), as 
 (1 ) , ss t =−  and   ( 1990Q1,...,2000Q4), tt =  there are potentially 44 point estimates for 
each of the 7 different variety coefficents. If τ  is used to denote the adjacent period 
ending at time t, then 
τ δc   can be used to denote the premium or discount of grape 
variety c, relative to Shiraz, in the adjacent period ending at time t. The OLS estimate of 
this coefficient is denoted  ˆ , c
τ δ  and the way  ˆ
c
τ δ  evolves through time gives an indication 
of the performance of variety c relative to Shiraz. If, over time,  ˆ
c
τ δ   is in general 
increasing, it suggests that, holding all other factors constant, variety c is increasing in 
value faster than Shiraz. 
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One way to formalise analysis of this nature is to suppose the point estimates of 
τ δc  are subject to a simple linear time trend:  
  ˆ . cc c c Tu
τ τ δαλ =+ +       ( 4 . 3 )  
 
In equation (4.3)  c λ  is the slope coefficient,  c α  is a constant, T is a linear trend term, 
and 
τ
c u  is a zero mean error term. If  ˆ , c λ  the OLS estimate of  c λ  in equation (4.3) is 
positive, and significantly different from zero, this says, given all other factors are held 
constant, over the sample period variety c increased in value faster than Shiraz. So, from 
an investment point of view, variety c can be said to outperform Shiraz over the sample 
period. The opposite is true for negative  ˆ
c λ ; while  ˆ
c λ  not statistically different from 
zero suggests Shiraz and variety c increase in value at approximately the same rate. The 
same kind of analysis can be performed on the Langton’s classification coefficients, and 
the vintage coefficients. Such analysis is not important so much for its ability to inform 
future possible portfolio decisions, but because today, in Australia, so little is known 
about the relative performance of different vintages, varieties, and wines of different 
price.  
 
  Figure 4.4 shows plots of the point estimates for each attribute through time with 
equation (4.3) fitted to the data. Also, for each individual attribute, the slope coefficient 
point estimate, standard error, and 
2 R are given. In almost all cases, autocorrelation and 
or heteroscedasticity appeared to be a problem. As the dependant variable is an 
estimated parameter, and the model is a time series model, heteroscedasticity and 
autocorrelation were expected. Given these problems, the Newey and West (1987) 
autocorrelation and heteroscedasticity consistent variance-covariance matrix was used 
to calculate correct standard errors. Microfit 4.1 for Windows was used to estimate each 
regression, and as suggested in Pesaran and Pesaran (1997, p. 402), the Parzen lag 
window has been used. The estimates computed by Microfit automatically perform the 
small sample size correction suggested in MacKinnon and White (1985), and it is these 
adjusted standard errors which appear throughout Figure 4.4. The base rating is 
Exceptional, the base variety is Shiraz, and the base vintage is 1965. 
 
Langton’s Ratings 
  Consider the first attribute plot shown in Figure 4.4, the Outstanding plot. The 
plot shows, holding all other factors constant, over the period 1989Q4 to 2000Q4 the   167
discount between wine with the rating Outstanding and wine with the rating Exceptional 
decreased. Specifically, when equation (4.3) is fitted to the data the OLS estimate of the 
slope coefficient is .006, and the point estimate is statistically different from zero. This 
implies that over the sample period wine with the rating Outstanding increased in value 
faster than wine with the rating Exceptional. It is a different story for wine with the 
rating Excellent, and wine with the rating Distinguished. The Excellent plot and the 
Distinguished plot in Figure 4.4 indicate that, holding all other factors constant, over the 
sample period the discount between Excellent wine and Exceptional wine, and the 
discount between Distinguished wine and Exceptional wine increased. Specifically, 
when equation (4.3) is fitted to the data the estimated slope coefficient for Excellent 
wine is -.006 and the estimated slope coefficient for Distinguished wine is -.012, and in 
both cases the point estimates are statistically different from zero. This implies that over 
the sample period those wines rated Excellent or Distinguished increased in value at a 
slower rate than wines rated Exceptional. 
 
In general, wines rated as Exceptional or Outstanding represent the most 
expensive wines, and so in Australia it appears, holding all other factors constant, the 
most expensive wines provide the highest returns. The individual plots shown in Figure 
4.4 do not however provide information on the variability of returns for the different 
groups. Based on the plots and summary statistical information reported in Figure 4.4 it 
is not possible to say whether the higher returns associated with the most expensive 
wines are associated with higher risk. The question of risk and return is however 
addressed in detail in Chapter 5.  
 
Variety 
Throughout the world it is Cabernet and Cabernet blends -- the classic red wines 
of Bordeaux for example -- that are most sought after. This fact is perhaps reflected in 
the selection criteria others have employed when estimating the return to wine. With the 
exception of Weil (1993), which tracks a person’s actual wine holdings, all other studies 
of the return to wine have focused on the return to either red Bordeaux wines, or wines 
made from red Bordeaux grape varieties planted in the new world. Australia is different. 
Australia’s two most expensive wines are both Shiraz based wines, and as can be seen 
from the Cabernet plot in Figure 4.4, despite a brief move towards parity with Shiraz in 
the early 1990s, other factors held constant, Cabernet based wines sell for a discount to 
Shiraz based wines. Although it should be noted it is not so much whether a particular   168
variety sells for a discount or premium relative to Shiraz, but rather the trend in the 
premium or discount that is important. 
 
As shown in the Cabernet and Semillon plots of Figure 4.4, the estimated slope 
coefficient for these two varieties is not statistically different from zero. So, holding 
other factors constant, it appears these wine styles have increased in value at 
approximately the same rate as Shiraz based wines. The slope coefficient for 
Chardonnay, Pinot Noir, Riesling, and Botrytis wines on the other hand are all negative, 
and significantly different from zero. This result implies, holding other factors constant, 
these four varieties increased in value at a rate slower than Shiraz based wines. For the 
case of predominately Merlot based wines there are perhaps too few observations to 
make any clear conclusion. Although, as noted in Chapter 3, Merlot based wines 




  As the wines in the study are drawn from different regions across a vast 
continent, it is not possible -- as De Vittorio and Ginsberg (1996) do -- to establish a 
relationship between the vintage information generated by the model, and weather 
during the growing season. However, it is possible to establish whether a particular 
vintage, for whatever reason, outperformed vintage 1965, the base vintage. As shown in 
Figure 4.4, for vintages 1966 to 1999, the slope coefficient is positive and significantly 
different from zero only for vintages: 1986, 1987, 1988, 1990, 1992, 1993, 1994, and 
1998. Interestingly, if the sample of vintages is split into thirds, no vintages in the 
earliest third of the sample outperform vintage 1965. In the middle third there are two 
vintages that outperform vintage 1965, and in the final third there are six.  
 
One possible explanation for this pattern could be as follows. When wines from 
a particular vintage are young, there is great uncertainty about ultimate quality. 
However, as the years pass, quality becomes more certain, and the wines are revealed as 
either: above average, average, or below average. If the wines reveal themselves as 
above average, there is a spurt in the rate of growth of prices. This higher rate of growth 
in prices may be sustained for quite some time, but ultimately comes to an end. Once 
the adjustment process has ended, the wines then increase in value at the same rate as 
wines from other vintages. There may of course be other explanations for the   169
concentration of high performing vintages in the latter third of the sample. Perhaps 
technology has improved, and the wines from more recent times are in fact more likely 
to be of a higher quality. Or, possibly, nation wide, weather has been more conducive to 
producing high quality wine in the 1990s. The hypothesised reason does however seem 
reasonable, and is an interpretation consistent with the efficient markets hypothesis. 
 
Analysing the performance of different vintages using this framework also 
highlights another interesting fact. All three vintages selected by Langton’s when 
constructing their wine index are vintages shown to outperform the base vintage. This 
finding is hardly surprising given the difference in estimated mean quarterly returns for 
the all wine portfolio and the vintage 1986, 1990, and 1994 only portfolio reported in 
Table 4.7. It does however suggest the return to the all wine portfolio is a better 
indicator of the general return to wine than a select vintage portfolio.  
 
Log Price Change 
  As an interesting final comparison, the quarterly estimates of the log change in 
price -- log returns-- are plotted through time, and a trend line fitted. Unsurprisingly, 
when this is done the estimated slope coefficient is not statistically different from zero. 
Although, as can be seen from the final plot in Figure 4.4, returns in the second half of 
the 1990s appear to be more stable than returns in the first half of the 1990s. This result 
perhaps reflects two factors. Firstly, as the number of observations from which the 
returns are estimated increases through time, the estimates in the second half of the 
1990s are necessarily more precise. Secondly, as the market has developed and 
participants have become more experienced, in any given quarter there is less chance 
prices will deviate from long-run trend values. Combined, these factors provide a 
reasonable explanation as to why estimated returns appear more stable in the second 
half of the 1990s. 170
Outstanding
Slope = .0058
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4.9 CONCLUSION 
 
  This chapter started by investigating the different ways in which, in the face of 
heterogeneity and infrequent sales, estimates of price change can be obtained. After 
evaluating several methods, the adjacent period hedonic price framework was selected 
as the most appropriate estimation technique. Compared to other approaches there are 
several advantages to using the adjacent period hedonic price framework. The 
methodology employs all available data, and provides not only an estimate of price 
change, but also a standard error for each estimate. Further, as shown in Appendix 4.1, 
the adjacent period hedonic price framework also satisfies the implied homogeneity 
condition, and the time reversal test. As infrequent sales and heterogeneity are not 
issues when estimating the price change of a Grange only portfolio, a chained Laspeyres 
price index approach was used to estimate the quarterly return to Grange.  
 
Details of the estimated quarterly rate of return for the period 1989Q4 to 
2000Q4 were reported in Table 4.9. For the all wine portfolio, the estimated mean 
quarterly return was 2.6 percent, standard deviation 6.7 percent, and coefficient of 
variation 2.58. For the vintage 1986, 1990, and 1994 only portfolio, the estimated mean 
quarterly return was 4.0 percent, standard deviation 10.1 percent, and coefficient of 
variation 2.52. For the Grange only portfolio, the estimated mean quarterly return was 
2.7 percent, standard deviation 5.9 percent, and coefficient of variation 2.19. 
 
  Finally, with the hope of increasing the understanding of the rate of return to 
different wine sub-markets, the three attribute groups: Langton’s rating, vintage, and 
variety, were analysed in detail. The analysis suggested, holding other factors constant, 
wines with the Langton’s rating Exceptional or Outstanding, on average, increased in 
value faster than wines with the rating Excellent or Distinguished. This result provides 
some evidence, that in Australia, more expensive wines provide higher returns. Holding 
other factors constant, the varieties which on average provided the highest returns 
appeared to be: Shiraz, Cabernet, Merlot and Semillon. This was an intriguing finding 
as it suggests, at least in Australia, not all the best performing wines are red wines. It 
was also noted that the vintages providing the highest rate of return were concentrated 
in the most recent years.   
 
  These findings, representing the first comprehensive analysis of the rate of 
return to Australian wine, make a substantial contribution to knowledge, and can be   176
used in further analysis. As illustrated by the results for the portfolio of vintage 1986, 
1990, and 1994 only wine, the adjacent period hedonic price framework is an 
appropriate method for estimating price change in wine sub-markets. Chapter 5 extends 
the analysis presented in this chapter by estimating risk and return information for four 
wine sub-markets. The standard tools of financial analysis are then used to interpret the 
results. Finally, Chapter 5 completes the analysis of the rate of return to wine by   
investigating whether wine, as an alternative asset class, can decrease the risk of a 
standard investment portfolio.    177
APPENDIX 4.1 
FURTHER ASPECTS OF THE ADJACENT PERIOD HEDONIC MODEL  
 
  Diewert (2003) is a comprehensive paper, and investigates a range of issues 
relating to hedonic price models. Among the many issues addressed in the paper are the 
properties of adjacent period hedonic price models. The discussion on Homogeneity and 
the Time Reversal Test which follows is based directly on Diewert (2003, pp. 21-25), 
while the discussion of Homoscedasticity is based on Diewert (2003, pp. 4-5). The 
exposition presented here allows the reader, interested only in aspects of hedonic price 
equations which relate directly to the model present in the chapter, to quickly review 
these concepts. The reader interested in more general hedonic price equation forms and 
issues should refer, as a starting point, to Diewert (2003).   
 
Homoscedasticity 
  For homoscedasticity to hold, using price untransformed as the dependant 
variable, the difference between a model’s price and its mean is randomly distributed 
with mean zero, and constant variance. For homoscedasticity to hold, using log price as 
the dependant variable, the ratio of model price to its mean is randomly distributed with 
mean one and constant variance. In general, when estimating hedonic price equations, 
the dependant variable can take a large range of values. When a model has a high 
number of attributes it is likely to have a high price, and so the error terms are likely to 
be large. When a model has a low number of attributes it is likely to have a low price, 
and so the error terms are likely to be small. As such, a priori, the assumptions implied 
when log price is used as the dependant variable are generally more likely to be true 
than the assumptions implied when price untransformed is used.  
 
Homogeneity 




is k kis is k Pz u ββ
= =+ + ∑       ( A 4 . 1 )  
0 1 ,
K
it st k kit it k Pz u αβ β
= =++ + ∑      (A4.2) 
where  is P  is the price of wine  ( 1,..., ) ii n =  in period  (1 ) ; ss t = −   it P  is the price of 
wine  i in period   ( 1,..., ); tt T =  { } k z   is the characteristic set; and    and  is it uu  are  zero 
mean constant variance error terms. As the β   coefficients in the two equations are   178
constrained to be the same, the quality-adjusted price change between period s and t is 
summarised by the  st α  coefficient.  Providing  2, nK >+ where  n is the number of 
observations, the model, as described above, can be estimated using OLS, and the 
estimates obtained denoted  0 ˆ ˆ , , st α β  etc. 
 
  That the adjacent period hedonic price framework be linearly homogeneous is 
desirable. Within the framework of OLS estimation the linear homogeneity question 
may be thought of as implying the following condition. If all n wines are sold in period 
s and period t, and all n wines increase in value between the two periods by  , λ  where λ  
is some positive constant, then the OLS predicted values in period t should be exactly λ  
times their period s predicted values, i.e.  ˆ  . it is PP i λ = ∀  The concept of homogeneity, 
when formulated this way, implies the following relationship between the parameter 
estimates of equation (A4.1) and (A4.2):  00 11
ˆˆˆˆ ˆ .
KK
s t kk i t kk i s kk zz αβ β λ β β
==
⎡⎤ ++ = + ⎣⎦ ∑∑  
As this condition can only be solved for  0 ˆ ˆ ,  st α β  and  ˆ
k β  if  1 λ = , the linear adjacent 
period regression hedonic model, with price as the dependant variable, does not satisfy 
the implied linear homogeneity property. If we want to use the adjacent period hedonic 
price approach, some transformation is required before the condition can be satisfied. 
The condition can be satisfied in two ways: either write equation (A4.2) in a non-linear 
form, or use the natural logarithm of price as the dependant variable.  
 
If equation (A4.2) is rewritten as  0 1 ,
K
it st k kit it k Pz u αβ β
=
⎡⎤ =+ + ⎣⎦ ∑  then  the 
homogeneity condition requires  00 11
ˆˆ ˆˆ ˆ ,
KK
s t kk i t kk i s kk zz αβ β λ β β
==
⎡ ⎤⎡ ⎤ += + ⎣ ⎦⎣ ⎦ ∑∑  and  is 
satisfied when  ˆ . st α λ =  Yet, given the complexity and uncertainty of non-linear models, 
if the homogeneity condition can be met using a linear model, the linear approach is 
thought  preferable. 
 
If  is p  is used to denote the natural logarithm of  is P , then equation (A4.1) and 
(A4.2) can be rewritten in log-linear form as: 
0 1
K
is k kis is k p zu ββ
= =+ + ∑       ( A 4 . 3 )  
0 1 .
K
it st k kit it k p zu αβ β
= =++ + ∑      (A4.4) 
Taking the antilog of both sides of the equations we have:   179
  [] 0 1 exp exp
K
is k kis is k Pz u ββ
=
⎡⎤ =+ ⎣⎦ ∑  and  [] [ ] 0 1 exp exp exp ,
K
it st k kit it k Pz u αβ β
=
⎡⎤ =+ ⎣⎦ ∑   
where, when estimated using OLS, the implied homogeneity condition that the 
predicted values in period t be exactlyλ  times the period s values requires: 
[] 00 11
ˆˆ ˆˆ ˆ exp exp exp ,
KK
s t kk i t kk i s kk zz αβ βλ β β
==
⎡ ⎤⎡ ⎤ += + ⎣ ⎦⎣ ⎦ ∑∑   a condition met when 
[ ] ˆ exp . st λ α =   So, in linear adjacent period hedonic price models, when the natural 
logarithm of price is used as the dependant variable, the implied homogeneity condition 
is satisfied. 
 
The Time Reversal Test 
  Fisher (1997, p. 64) suggests the time reversal criteria as a desirable property for 
index numbers. The time reversal criterion requires the price index at time period t, with 
base period s and denoted  st I  be the reciprocal of  ts I  the price index at time period s 
with base period t. Alternatively, the criteria can be stated as follows. If starting in 
period s and moving forward to period t we find prices have, on average, doubled; then, 
if we start in period t and move backwards to period s we should find the price level in 
period s to be half that of period t.  
 
Consider the two sets of hedonic price equations given below, where the 
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  B  
Equation set A is identical to equation set B, except for the location of the shift 
parameter. In equation set A, the shift parameter is located in the second equation, while 
in equation set B, the shift parameter is located in the first equation. In equation set A, 
the OLS estimate  ˆ , st α  is the estimated price index in period t with base period s, and so 
ˆ sts t I α = . In equation set B, the estimate  ˆ , ts α  is the estimated price index in period s 
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Now, let the data be ordered so all observations from period s appear before the 
observations from period t. Let 
s 0

denote a column vector of length equal to the number 
of observations from period s, all the elements of which are zeros. Let 
t 1

 denote a 
column vector of length equal to the number of observations in period t, all the elements 
of which are ones. Given this notation and ordering, the relationship between the OLS 
parameter estimates of equation set A and B can be simplified to: 
00
ˆ ˆ ˆˆ , st ts α βαβ
⎡⎤ ⎡⎤ ⎡⎤ ⎡⎤
+=+ ⎢⎥ ⎢⎥ ⎢⎥ ⎢⎥
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  which implies the following two equations: 
00
ˆ ˆ ˆˆ st ts α βαβ ⎡⎤ ⎡⎤ ⎡⎤ ⎡⎤ +=+ ⎣⎦ ⎣⎦ ⎣⎦ ⎣⎦
ssss 0111 
 
 and  00




which in turn simplify to:  00
ˆ ˆ ˆts β α β = +   and  00
ˆ ˆ ˆ , st αββ +=   and so imply  ˆˆ , ts st α α =−  or 
. ts st I I =−   With price as the dependant variable the time reversal property is not 
satisfied.  
 
Now consider the two sets of hedonic price equations given below, where the 
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  D 
Equation set C is identical to equation set D, except for the location of the shift 
parameter. In equation set C, the shift parameter is located in the second equation, while 
in equation set D, the shift parameter is located in the first equation. The relationship 
between the two sets of equations therefore reduces as shown for equation sets A and B 
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APPENDIX 4.2 
ESTIMATING THE RETURN TO GRANGE  
 
  As discussed in the text, when estimating the return to a portfolio of Grange 
between period    ( 1989Q4,...,2000Q3) tt =  and  period  1, t +   the possibility of the 
introduction of a new vintage in period  1 t +  is ignored. As such the chained Laspeyres 






















 where  t n  is  the 
number of different vintages of Grange sold at time t. 
 
  Before illustrating with an example how the process of estimating returns 
incorporates the information in Table A4.1, some comments on the table are required. 
The table shows the average sale price of different vintages of Grange at different points 
in time. For example, the average sale price of vintage 1965 Grange in 1989Q4 was 
$158.0 and in 1990Q1 it was $152.8. In Table A4.1 the values in the total row represent 
the sum of the average sale values for each vintage, at each time period. So, in 1989Q1, 
vintages 1965 to 1983 were sold, and the total sale value of these 19 vintages was 
$1,586.4.  
 
There are however two entries in the total row for some times periods, and the 
1990Q4 column is the first column with two entries. Careful consideration of the 
formula for estimating price changes shows why this is necessary. When estimating the 
price change in period t, only those vintages already available in period  1 t −  are 
considered. Vintage 1984 Grange is sold for the first time in period 1990Q4, and so this 
observation is not used when calculating the return in period 1990Q4, but is used when 
calculating the return in period 1991Q1. The first entry in the total row for period 
1990Q4 represents the sum of the average sale value of vintages 1965 to 1983 in period 
1990Q4. As such, the value $1,480.8 is used in the numerator of the price change 
formula to estimate the return for period 1990Q4. The second entry in the total row for 
period 1990Q4 represents the sum of the average sale value of vintages 1965 to 1984 in 
period 1990Q4. The value, $1,525.8, is used in the denominator of the price change 
formula to estimate the return for period 1991Q1. The difference between these two 
values, $45.0, is the average sale price of vintage 1984 Grange in period 1990Q4. The 
specific calculations are shown below.   182
 





90 4 90 4 90 4 90 4
90 3 1965 1966 1983 90 3 1
90 3 90 3 90 3 90 3
90 3 1965 1966 1983 90 3 1
...




n QQ Q Q
Q Qi i






⎛⎞ ⎛⎞ ×+ + +
⎜⎟ ⎜⎟ −× = −× =






19 138.8 142.8 ... 56.7 1480.8
1 100 1 100 .975
19 126.0 147.3 ... 55.3 1466.5
⎛⎞ ×+ + + ⎛⎞ −× = −× = ⎜⎟ ⎜⎟ ⎜⎟ ×+ + + ⎝⎠ ⎝⎠
percent.  
 





91 1 91 1 91 1 91 1
90 3 1965 1966 1984 90 4 1
90 4 90 4 90 4 90 4
90 3 1965 1966 1984 90 4 1
...




n QQ Q Q
Q Qi i
n QQ Q Q
Q Qi i
np p p np
np p p np
=
=
⎛⎞ ⎛⎞ ×+ + +
⎜⎟ ⎜⎟ −× = −× =






20 101.0 105.0 ... 47.5 1467.9
1 100 1 100 3.795
20 138.8 142.8 ... 45.0 1525.8
⎛⎞ ×+ + + ⎛⎞ −× = −× = − ⎜⎟ ⎜⎟ ⎜⎟ ×+ + + ⎝⎠ ⎝⎠
 percent. 
 
Finally, the mean vintage return figure presented in the last column of Table 
A4.1 is the arithmetic mean of the quarterly return for each vintage. The reason the 
arithmetic mean, rather than some other measure, was chosen is outlined in Appendix 
4.3. Based on this measure, the two best performing vintages of Grange over the sample 
period were the 1990 vintage, and the 1986 vintage.  
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TABLE A4.1 
GRANGE QUARTERLY NOMINAL PRICE DATA (dollars)   
Time (Year and Quarter) 
1989 1990  1991  1992  1993  1994  1995  Vintage 
4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 
1965  158.0 152.8 165.0 126.0 138.8 101.0 110.5 136.8 136.5 136.2 136.0  145.8  155.7  159.2  162.7 161.0 145.5 195.0 158.2 203.7 141.6 180.5 204.0 
1966 174.5  126.0  136.6  147.3 142.8 105.0 142.2 145.5 150.0 141.0 154.5 172.5 181.5  168.8  156.0 152.0 145.5 166.3 233.5 243.7 189.0 185.5 273.7 
1967 120.3  134.0  132.0  83.7 88.0 90.9  93.8  91.8  81.5 147.0  101.0 95.0 135.8  133.0  130.3 115.5 130.7 185.0 125.6 126.3 133.4 134.0 162.3 
1968 105.3 97.0 90.0 70.3 70.0 85.0 80.6  76.3 85.5 85.5  85.5 90.5 93.0 96.8  100.5 93.5 123.5  112.0  111.0  122.0 98.9  96.8 128.0 
1969  74.0 81.0 50.0 71.2 67.0 71.5  76.0  74.0 71.3 70.0 78.0 73.3 87.0 87.5  88.0 81.0 90.0 90.0 97.5 93.7 92.5 80.5 93.3 
1970  63.0 73.0 67.5 78.0 73.0 71.0 81.2 91.0 86.0  81.0 81.5 84.0 87.8 96.5  105.3 85.8 105.0  120.0  114.3  105.2  103.6 91.0 107.8 
1971  124.5 129.0 140.0 134.0 121.1 111.0 123.5 150.5 143.3 138.5 144.5 133.5 164.7 180.0 191.5 178.0 214.7 241.5 275.5 270.3 254.8 240.8 258.3 
1972  59.5 48.8 55.0 57.8 56.8 61.3  65.8 71.0 70.8 65.0 72.3 60.5 78.3 77.5 74.5  71.5 68.0 84.5 83.9 74.3 82.0 73.5 108.7 
1973  66.8 68.5 56.8 67.5 62.0 66.0 71.0 63.0 70.5 81.0 81.0  81.0 85.7 91.8  98.0 98.5 95.5  113.8  97.0  108.5  94.3 91.5 85.5 
1974 70.5 79.0  74.5  70.0 88.0 84.8 81.5 78.3 75.0 92.0 85.3  78.5 101.5  101.3  101.0 125.0 120.0 105.0  99.8  97.2  100.7 100.5 108.0 
1975  70.8 65.5 61.5 75.9 67.0 71.0 69.8 75.4  81.0 85.0 80.5 84.3  88.0  99.0  110.0 105.8 114.8 118.8 115.5 113.7 115.0 115.5 129.0 
1976  86.8 85.5 80.0 94.3 88.8 88.8  88.8  90.0  82.2  88.0  100.0 111.0 110.8 114.8 130.0 125.5 128.3 161.3 166.8 163.5 147.1 148.3 155.3 
1977  61.5 61.8 65.3 63.8 65.8 76.0 78.2 71.0 71.0 75.7 80.3 85.0  89.0  93.5  101.0 109.5 100.5 112.3 107.8 133.5 111.0 131.0 138.0 
1978 70.5 68.5  67.6 66.8 65.9  58.4  51.0 67.0 74.0  81.0  81.3 81.7 82.0  86.5  113.3 109.0 104.0 116.5 117.7 126.8 113.0  98.5  120.0 
1979  61.9  63.8  58.1  52.5 59.7 61.8  64.0 66.0 67.3 68.7 70.0 70.0 76.8 81.5 77.5 81.0 79.0  100.5  103.7  110.8  85.0 99.3 119.8 
1980  58.0 50.0 51.8 52.3 53.5 53.0 64.5 51.0 70.0 73.2  76.3 76.0 81.3 80.0 83.0 85.8 87.8 97.5  114.8  115.8  110.3  119.8  122.6 
1981  49.7  51.5 52.8 42.8 50.3 45.5 56.0 58.4  60.8  60.9  61.0 61.0 56.3 68.3 76.0 81.0  86.0  118.5 104.3 109.5 105.0  91.0  127.8 
1982 60.0 60.0  58.7  57.3 65.7 57.5 67.7 73.0 73.5 77.5  81.5  82.0  85.8  83.5  94.5  100.8 103.0 109.3 120.1 118.2 116.3 112.0 136.5 
1983 51.0 52.4 53.8 55.3 56.7  60.9 65.1 69.3 73.5 81.0 81.0  81.0 70.5 77.5 91.0 90.5 91.0  120.5  135.5  137.2  134.0  131.8  141.8 
1984 -  -  -  -  45.0  47.5 50 52.5  55.0 52.0 65.0 64.0  63.0 58.5 71.3 65.0 80.0 83.0  107.7  95.5  101.6  106.0  110.5 
1985 -  -  -  -  -  -  -  -  55.8 53.3 60.0 60.9 61.8  62.8 67.8 65.0 75.4  85.8  98.5 102.5 95.5  99.0 105.0 
1986 -  -  -  -  -  -  -  -  -  -  91.0  92.3 93.7  95.0  104.8  99.0  95.0  123.7 140.0 142.2 148.8 143.3 174.0 
1987 -  -  -  -  -  -  -  -  -  -  -  -  -  -  65.0  67.7  70.3 73.0 84.0 86.0 78.0 90.5 102.3 
1988 -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  90.5 91.0 90.3 90.5 104.0 
1989 -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  87.5 72.0 93.8 
1990 -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 
1991 -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 
1992 -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 
1993 -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 
1994 -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 
1995 -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 
                         
1586.4 1547.9 1516.9 1466.5 1480.8 1467.9 1581.0 1651.5 1678.8 1833.3 1856.5 1963.8 2129.7 2193.0 2327.9 2347.2 2453.4 2833.7 2912.5 3090.8 2841.6 2922.8 3409.6 
Total 
         1525.8      1734.5  1947.5      2392.9      3003.0  2929.1    
Return  (%) -  -2.423  -2.005  -3.324 0.975  -3.795 7.705 4.465 1.647 5.696 1.266 0.834 8.449 2.974 6.152  -1.912 4.525  15.501 2.783 2.921 -8.062 -0.216  16.658 
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TABLE A4.1 (CONTINUED) 
GRANGE QUARTERLY NOMINAL PRICE DATA (dollars)   
Time (Year and Quarter) 
1995  1996 1997 1998 1999 2000  Vintage 





1965  207.3 244.3 230.0 227.6 268.0 289.0 246.8 250.0 236.5 244.0 260.3 248.0 220.0 277.0 272.0 283.4 276.5 305.5 253.3 369.2 308.1 304.9 2.705 
1966  278.7 321.5 260.3 349.0 324.2 277.8 282.0 340.0 352.6 333.5 302.0 373.8 330.5 327.8 433.8 315.0 396.9 373.3 483.8 417.2 353.3 302.8 2.851 
1967  171.5 149.0 141.0 183.2 189.5 186.8 200.0 200.0 194.5 196.0 166.5 200.5 180.3 166.0 197.0 170.7 219.8 230.5 235.3 215.0 181.9 235.3 3.420 
1968  129.0 117.3 127.0 134.3 182.0 144.7 144.8 160.0 199.1 186.0 198.7 206.5 157.0 154.7 175.5 137.5 160.5 192.0 230.0 163.0 158.8 190.5 2.472 
1969  111.5 105.2 131.0 141.8 134.0 116.8 135.0 159.0  183.0 146.5 150.8 150.5 176.2 127.3 138.5 143.0 192.4 187.0 204.9 172.1 185.1 185.3 3.203 
1970  124.4 110.0 120.3 153.9 141.7 135.5 128.0 175.0 201.5 188.0 170.5 198.0 177.8 138.7 148.7 144.9 175.4 204.5 210.1 214.0 197.0 196.8 3.392 
1971  298.9 279.8 306.0 375.3 324.8 360.5 348.5 397.5 422.8 485.0 483.8 447.9 492.2 511.5 459.6 395.1 443.2 464.1 420.8 446.8 491.9 489.0 3.655 
1972  114.2 101.7 127.5 133.0 129.3 105.5 150.0 150.0 156.9 153.3 165.3 147.2 143.5 105.7 131.5 128.8 136.3 142.9 175.3 151.5 169.6 159.0 3.323 
1973  110.0 103.2 106.5 141.2 128.5 142.5 130.0 142.5 160.3 169.7 166.7 164.8 127.1 123.9 141.2 111.3 146.1 150.0 150.0 161.5 177.0 183.6 3.074 
1974  142.5 120.0 120.5 126.5 133.3 150.5 148.0 142.9  137.8 165.2 171.4 179.8 184.0 184.8 166.0 167.8 182.0 211.5 206.0 201.1 190.7 190.0 2.834 
1975  139.4 150.0 142.0 187.3 168.0 167.5 151.8 166.3 182.8 169.7 194.0 197.2 176.1 150.8 159.6 148.4 147.0 282.1 204.6 182.3 182.2 181.1 3.262 
1976  159.5 156.8 213.3 228.7 214.0 193.7 160.0 272.5 306.6 306.7 288.7 255.0 287.1 271.0 321.5 245.4 305.1 282.1 302.3 302.6 385.9 364.4 4.337 
1977  135.8 126.7 144.3 164.5 166.3 147.5 164.3 170.0 182.3 183.2 195.7 177.5 198.5 183.3 186.5 147.2 170.8 162.9 174.0 194.0 215.1 180.9 2.951 
1978  132.2 131.8 144.0 160.3 163.3 162.5 180.5 180.0 204.5 204.5 166.0 201.0 194.3 170.7 197.8 202.8 188.1 211.9 230.0 233.8 245.0 242.0 3.394 
1979  126.9 115.5 140.0 161.3 184.0 165.0 147.8 175.0 193.5 201.0 169.8 188.7 195.3 158.0 167.8 187.8 184.0 177.6 225.3 214.4 200.3 208.8 3.423 
1980  126.3 131.3 160.0 175.3 172.0 166.0 174.3 185.0 211.9 220.5 229.3 228.3 211.4 195.9 193.9 186.4 198.5 213.6 225.9 230.4 230.6 219.8 3.482 
1981  128.9 125.8 150.0 155.3 158.7 166.5 161.5 177.5 201.9 217.2 219.8 227.0 215.1 205.3 183.4 188.1 198.4 196.5 209.7 214.1 219.5 234.9 4.191 
1982  133.1 140.7 143.5 173.4 170.5 166.7 172.0 187.5 204.8 196.8 224.0 217.0 207.3 196.4 184.7 178.5 185.8 205.5 231.5 223.6 217.3 211.3 3.175 
1983  155.3 155.7 189.3 210.3 202.7 212.2 209.8 227.5 259.3 274.2 293.8 258.8 255.3 236.4 235.4 217.3 237.9 244.0 233.3 262.4 235.5 249.3 4.012 
1984  128.8 114.3 133.5 157.8 145.5 135.0 155.3 172.5 198.3 210.3 222.8 205.5 191.6 188.1 177.8 174.1 178.9 185.1 190.6 203.8 199.3 198.0 4.271 
1985  130.0 122.2 139.5 161.5 155.3 144.3 143.3 167.5 202.3 201.8 218.8 216.0 196.2 177.8 180.5 185.9 199.8 215.3 182.6 204.1 204.1 212.7 4.188 
1986  180.3 183.8 211.0 262.2 290.8 272.0 269.5 282.5 320.1 360.0 327.5 329.7 321.5 293.8 309.6 304.6 296.0 319.9 316.5 327.5 321.9 355.5 4.466 
1987  114.0 122.3 144.0 156.2 143.2 142.3 151.5 165.0 194.9 204.5 220.2 225.5 195.2 184.8 173.7 173.0 195.0 198.5 191.3 201.8 202.5 206.8 4.240 
1988  121.8 121.8 143.0 168.7 154.7 159.0 150.0 175.0 208.4 207.2 215.5 208.5 195.1 196.1 183.3 189.0 203.1 213.0 209.5 218.7 205.6 215.7 3.725 
1989  91.3  104.3 120.8 144.9 129.5 144.5 153.5 172.5 204.0 208.3 213.8 211.5 190.5 170.3 177.3 197.1 184.3 204.6 204.0 204.3 200.5 212.1 4.352 
1990  160.0 196.0 255.0 325.0 287.2 273.2 284.3 302.5 407.8 401.5 387.0 422.2 357.6 381.5 375.5 376.4 377.9 413.0 414.6 412.9 401.0 426.3 5.519 
1991 -  -  -  -  214.3 221.0 220.0 217.5 258.5 255.8 233.7 235.2 225.3 197.9 221.3 217.5 226.5 244.5 252.8 249.5 235.8 244.2 1.019 
1992 -  -  -  -  -  -  -  -  221.3 219.8 213.3 205.3 206.7 199.1 201.5 194.3 189.0 206.0 205.3 196.1 187.1 195.5 -0.877 
1993 -  -  -  -  -  -  -  -  -  -  -  -  222.3 219.2 212.4 216.5 200.6 209.4 211.4 205.3 188.3 195.2 -1.341 
1994 -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  236.0 236.8 242.0 228.7 223.5 213.5 -1.942 
1995 -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  220.5 222.0 199.6 -4.705 
                    
3691.3 3850.7 4243.0 4958.1 4861.0 4948.3 4962.0 5513.2 6186.5 6510.1 6469.4 6526.8 6208.7 6093.5 6306.9 5927.5 6395.7 7083.5 7226.3 7221.7 7336.2 7404.4 
Total 
3851.3      5075.3      6407.7      6430.9      6631.7    7442.2 
Return  (%) 8.260 -0.015  10.189  16.854 -1.959 -2.502  0.278 11.108 12.212  1.598 -0.624  0.886 -4.874 -5.247  3.502 -6.015  7.898  6.814 2.015  -0.063  -1.424 0.931   
Notes:   (1) As discussed in the text values in italics are values found by interpolation.  (2)  Mean vintage return is the arithmetic mean of the individual quarterly returns. See Appendix 4.3 for details.  185
APPENDIX 4.3 
MEASURING THE AVERAGE RATE OF RETURN 
 
The Problem 
  Representing the average rate of return for an extended period with a single 
figure is not a judgement free task. Different methods of calculating average returns 
give different figures. The appropriate method, like so many things, depends on the end 
use, and the criteria used to evaluate each approach. One approach to assessing different 
methods is to realise the estimated average return for the entire period is the weighted 
sum of the individual returns. Differences in estimates can therefore be explained by 
differences in weighting schemes. These weighting schemes can then be compared, and 
the method with the most appropriate weighting scheme chosen. Others have also 
employed this framework to assess different methods for estimating average returns, 
and the following notes draw heavily on Kakwani (1992, pp. 3-9).  
 
I. Ordinary Least Squares 
  Perhaps the most common approach, and so a good starting point for discussion, 
is the least squares regression approach. The approach has, at its heart, the log 
transformation of the compound interest rate equation: 
t
t R P P ) 1 ( 1 + = , where  t P  is the 
price in period   ( 2,..., ) tt T = ;  1 P  is the price in the base period, and R is the average 
return. If we allow α  to  denote  1 logP , and β  to  denote  ) 1 log( R + , then the OLS 
regression equation can be written as log , tt Pt α βε = ++ where  t ε   is a zero mean 
constant variance error term. Then, using β ˆ  and  ˆ α  to denote the OLS estimates of β  
and , α  the estimated average return, denoted R ˆ , is  ˆ exp( ) 1. β −   
 
 Let  () () 11 tt t t rP P P −− =−  and so denote the return in period t. Then, as shown in 
Kakwani (1992, pp. 4-5), 
2
ˆ ˆ log(1 ) log(1 )
T
tt t R wr β




= = ∑  and 
6( 1)( 1 )
.








 The OLS regression approach therefore places greater weight on 
the returns in the middle of the sample, and the maximum weight is given when 
2
T
t = .  
The impact of such a weighting scheme is non trivial. In the case of the Grange data set 
there are price observations for 45 quarters. The OLS approach therefore weights   186
returns in quarters 22 and 23 approximately 11 times greater than the returns in quarters 
2 and 45. 
 
II. Restricted Ordinary Least Squares 
  The above OLS approach can be modified. The α  coefficient,  1 log , P  is known 
in advance, and so the equation estimated can be restricted so  ˆ α α = . In effect, the 
regression equation becomes:  1 (log log ) ( 1) , tt PPt β ε − =− +  where, as shown in 
Kakwani (1992, pp. 4-5), 
2
ˆ ˆ log(1 ) log(1 )
T
tt t R wr β




= = ∑  and 
3[ ( 1) ( 1)( 2)]
.








 The weights are a decreasing function of time, and so 
the restricted OLS approach places greater emphasis on earlier returns. Specifically, for 
the Grange data set, the weight given to the return in quarter 2 is approximately 22 
times greater than the weight given to the return in quarter 45. 
 
 III. Equal Weight Ordinary Least Squares 
  Both the standard OLS and restricted OLS estimation approaches implicitly 
weight the individual returns in undesirable ways. Yet, the problem is not satisfactorily 























1 ˆ 1. T
T RP P − ⎡⎤ =− ⎢⎥ ⎣⎦
 Dependence on only the first and last observation for calculating 
the average return over an extended time period is generally inappropriate. As such, the 
equally weighted OLS approach is not appropriate. 
 
IV. Arithmetic Mean  




= + ∑   one could think of giving 









= ∑ . The estimated mean return is then 
the arithmetic mean of the individual returns. While the simplest measure of the mean 
return, simplicity, on occasion, has advantages.  
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  That, however, is not to say there are no limitations to using the arithmetic mean 
as a summary statistic. For example, say in period one the price of a bottle of wine is 
$100, in period two the price increases to $200, and in period three the price falls back 
to $100. Given this scenario, the calculated arithmetic mean return for the period is 
() () 1 2 200 100 100 100 200 200 100 25 percent. ×− + − × = ⎡⎤ ⎣⎦  The calculated geometric 
mean return on the other hand is  ()
12 100 100 1 100 0 percent. ⎡⎤ −× = ⎣⎦  The  figure 
providing the most appropriate measure of return will vary depending on the 
circumstances.  
 
If we assume the investor bought 10 bottles of wine in period one, did nothing in 
period two, and then sold the wine in period three, the geometric mean is the most 
appropriate indicator of investor return. The wine was bought for $100 10 = $1,000 ×  in 
period one, and sold for $1,000 in period three, and so the average return for the total 
period is zero. If, however, different assumptions are made, the arithmetic mean is the 
most appropriate measure.  
 
Assume in period one $1,000 is invested in wine. Then, assume in period two 
this investment is realised, and the profit or loss transferred to or from a separate bank 
account. Further, assume in period two, $1,000 is again invested in wine, and in period 
three this investment is realised, and the profit or loss transferred to or from a separate 
bank account. The dollar return for such an investor is $1,000 in period two and minus 
$500 in period three. The average return over the entire period is then 
() () 1 2 1000 500 1000 100 25 percent . ×− × =   Given this set of assumptions about the   
investment strategy, the arithmetic mean is a suitable summary measure of average 
return for the entire period. 
 
Summary 
  The four approaches discussed above weight individual returns in different 
ways. The standard OLS estimation approach places greatest emphasis on the middle 
observations; the restricted OLS approach places greatest emphasis on the early 
observations; the equal weight OLS approach uses only the first and last observation; 
and the arithmetic mean approach places equal weight on each observation. For 
completeness, we should note it is also possible to conceive of a system that places 
greater emphasis on later observations. Kakwani (1992, p. 8) notes the following   188

















= = ∑   In choosing a method for calculating the 
mean return, the purpose the measure is to be used for, and the assumptions made, are 
important. Ultimately however, an element of subjectivity remains, and there is no 
absolute correct answer. With respect to providing a measure of the average return to 
wine, it is felt, on balance, the arithmetic mean approach provides the best summary 
indicator. As such, unless otherwise stated in the text, mean refers to the arithmetic 
mean.   189
APPENDIX 4.4 
ESTIMATION RESULTS AND SUMMARY FINDINGS  
 
 




is v isv k isk c isc is vk c px y z u βγ φ δ =+ + + + ∑∑∑     (A4.5) 
0  .
VKC
it st v itv k itk c itc it vk c px y z u αβ γ φ δ =++ + + + ∑ ∑∑    (A4.6) 
Where  is p   is the natural logarithm of the price of wine   ( 1,..., ) ii n =  in  period 
 (1 ) ; ss t =−   it p   is the natural logarithm of the price of wine i in period 
 ( 1990Q1,...,2000Q4); tt =  and n is equal to the sum of the number of observations in 
periods t and s. If wine i, a wine sold in period s, is from vintage   ( 1965,...,2000) vv =  
then  isv x  takes the value one; zero otherwise. If wine i, a wine sold in period s, is from 
Langton’s classification   ( 1,...,4) kk =  then  isk y  takes the value one; zero otherwise. If 
wine i, a wine sold in period s, is from grape variety  ( 1,...,8) cc =  then  isc z  takes the 
value one; zero otherwise. The interpretation for wines sold in period t is the same. As 
the  0, β , v γ , k φ  and  c δ  coefficients are constrained to be the same in adjacent periods, 
the estimated average percentage change in price between period s and period t can be 
found as () ˆ exp( ) 1 100, st α −×  where  ˆst α  is the OLS estimate of  . st α  The  is u  and  it u  in 
equations (A4.5) and (A4.6) are zero mean error terms, which may be heteroscedastic.  
 
  The complete estimation results for the model are reported in Table A4.2. For 
example, consider the adjacent period 1989Q4-1990Q1. The estimated change in the log 
price of wine in 1990Q1, the log return, was -.068, and so the estimated return is minus 
6.6 percent. The remaining coefficient estimates are constrained to be equal in both 
1989Q4 and 1990Q1, and can be interpreted as follows. In the adjacent period 1989Q4-
1990Q1, the estimated premium of vintage 1966 wines, relative to vintage 1965 wines, 
was, in log price terms, .163, or 17.7 percent. The estimated discount, relative to Shiraz, 
that Cabernet wine sold for, was, in log price terms, .156, or 14.4 percent. Wines with 
the rating Outstanding, relative to wines with the rating Exceptional, sold for a discount, 
in log price terms, of .802, or 55.2 percent. The estimates for the remaining adjacent 
periods, as well as the vintage 1986, 1990, and 1994 wine portfolio estimates, are 
interpreted the same way. Standard errors, corrected for heteroscedasticity where   190
appropriate, are also presented. Finally, for each adjacent period, summary statistics are 
given. The Chi-statistic was used in the Koenker and Basset adjusted Breusch-Pagan 
Lagrange Multiplier test for heteroscedasticity. In the last row of each table N refers to 
the number of observations, and K to the number of estimated parameters. To assist with 
comprehending the detail presented in Table A4.2, summary frequency plots of the 
estimates are also presented. Figure A4.1 shows the distribution of point estimates for 
each variable in the all wine model, and Figure A4.2 shows the distribution of point 
estimates for each variable in the vintage 1986, 1990, and 1994 only model. 
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TABLE A4.2 
HEDONIC PRICE EQUATION ESTIMATION  RESULTS 
Period 1989Q4-1990Q1    Period 1990Q1-1990Q2 
All Wines    Vint. 86, 90, 94    All Wines    Vint. 86, 90, 94  Coefficient 
Est.  S.E.  Est.  S.E.  Est.  S.E.  Est.  S.E. 
Intercept  4.395  (0.219)   2.961  (0.444)    4.384  (0.253)   3.286  (0.590) 
log  return  -0.068 (0.052)   0.105 (0.190)    0.062  (0.065)   -0.080 (0.377) 
Vintage                  
1966  0.163  (0.341)   -  -   0.052  (0.414)   -  - 
1967  -0.164  (0.320)   -  -   -0.168  (0.353)   -  - 
1968  -0.191  (0.299)   -  -   -0.299  (0.353)   -  - 
1969  -0.470  (0.309)   -  -   -0.667  (0.489)   -  - 
1970  -0.518  (0.330)   -  -   -0.164  (0.261)   -  - 
1971  -0.304  (0.367)   -  -   -0.053  (0.349)   -  - 
1972  -0.796  (0.265)   -  -   -0.637  (0.262)   -  - 
1973  -0.525  (0.252)   -  -   -0.742  (0.282)   -  - 
1974  -0.472  (0.289)   -  -   -0.687  (0.345)   -  - 
1975  -0.524  (0.265)   -  -   -0.379  (0.274)   -  - 
1976  -0.113  (0.232)   -  -   -0.176  (0.288)   -  - 
1977  -0.551  (0.239)   -  -   -0.496  (0.287)   -  - 
1978  -0.502  (0.222)   -  -   -0.542  (0.278)   -  - 
1979  -0.545  (0.229)   -  -   -0.637  (0.276)   -  - 
1980  -0.296  (0.219)   -  -   -0.308  (0.264)   -  - 
1981  -0.353  (0.222)   -  -   -0.377  (0.266)   -  - 
1982  -0.252  (0.216)   -  -   -0.259  (0.255)   -  - 
1983  -0.594  (0.222)   -  -   -0.583  (0.265)   -  - 
1984  -0.485  (0.220)   -  -   -0.476  (0.263)   -  - 
1985  -0.567  (0.225)   -  -   -0.617  (0.266)   -  - 
1986  -0.594  (0.229)   -  -   -0.531  (0.269)   -  - 
1987  -0.707  (0.223)   -  -   -0.572  (0.257)   -  - 
1988  -0.773  (0.247)   -  -   -0.668  (0.285)   -  - 
1989  -  -  -  -  -  -  -  - 
1990  -  -  -  -  -  -  -  - 
1991  -  -  -  -  -  -  -  - 
1992  -  -  -  -  -  -  -  - 
1993  -  -  -  -  -  -  -  - 
1994  -  -  -  -  -  -  -  - 
1995  -  -  -  -  -  -  -  - 
1996  -  -  -  -  -  -  -  - 
1997  -  -  -  -  -  -  -  - 
1998  -  -  -  -  -  -  -  - 
1999  -  -  -  -  -  -  -  - 
2000  -  -  -  -  -  -  -  - 
Grape Variety                   
Cabernet  -0.156  (0.068)   0.385  (0.331)  -0.200  (0.082)   0.165  (0.506) 
Chardonnay  0.043  (0.092)   0.597  (0.355)  -0.056  (0.105)  -0.009  (0.622) 
Pinot  Noir  0.459 (0.100)   0.955 (0.314)   0.513 (0.144)   0.576 (0.488) 
Riesling  -0.071  (0.138)   -  -   -0.402  (0.186)   -  - 
Botrytis  0.512  (0.088)   -  -   0.487  (0.097)   -  - 
Merlot  -  -  -  -  -  -  -  - 
Semillon  -  -  -  -  -  -  -  - 
Langton’s Categories                 
Outstanding  -0.802 (0.112)  -0.448 (0.347)  -0.880 (0.139)  -0.453 (0.405) 
Excellent  -0.791 (0.072)  -0.604 (0.402)  -0.817 (0.083)  -0.268 (0.492) 
Distinguished  -0.873 (0.077)  -0.606 (0.340)  -0.868 (0.089)  -0.522 (0.402) 
Summary Statistics                 
2 R ,
2 R   0.588  0.538  0.510  0.281  0.651  0.591  0.373  -0.175 
F-  statistic  11.934     2.227     10.895    0.680   
Chi-statistic  73.618     9.206     55.732    7.574   
(N,K)  301  33  23  8    220  33  16  8 
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TABLE A4.2 (CONTINUED) 
HEDONIC PRICE EQUATION ESTIMATION  RESULTS 
Period 1990Q2-1990Q3    Period 1990Q3-1990Q4 
All Wines    Vint. 86, 90, 94    All Wines    Vint. 86, 90, 94  Coefficient 
Est.  S.E.  Est.  S.E.  Est.  S.E.  Est.  S.E. 
Intercept  4.965 (0.241)    3.425 (0.601)    3.910 (0.538)    3.162 (0.228) 
log  return  0.012 (0.057)    -0.219 (0.306)    -0.045 (0.044)    0.303 (0.131) 
Vintage                  
1966  -0.494  (0.314)   -  -   0.565  (0.581)   -  - 
1967  -0.643  (0.295)   -  -   0.286  (0.545)   -  - 
1968  -0.754  (0.310)   -  -   0.134  (0.536)   -  - 
1969  -0.986  (0.287)   -  -   0.072  (0.592)   -  - 
1970  -0.970  (0.295)   -  -   -0.139  (0.559)   -  - 
1971  -0.478  (0.286)   -  -   0.199  (0.578)   -  - 
1972  -1.075  (0.295)   -  -   -0.213  (0.544)   -  - 
1973  -1.256  (0.266)   -  -   -0.227  (0.541)   -  - 
1974  -1.238  (0.297)   -  -   -0.218  (0.554)   -  - 
1975  -0.837  (0.310)   -  -   0.196  (0.529)   -  - 
1976  -0.574  (0.272)   -  -   0.301  (0.544)   -  - 
1977  -0.965  (0.279)   -  -   -0.022  (0.542)   -  - 
1978  -0.762  (0.304)   -  -   0.078  (0.526)   -  - 
1979  -0.857  (0.265)   -  -   0.066  (0.530)   -  - 
1980  -0.764  (0.266)   -  -   0.187  (0.525)   -  - 
1981  -1.198  (0.263)   -  -   -0.160  (0.531)   -  - 
1982  -0.722  (0.261)   -  -   0.269  (0.524)   -  - 
1983  -1.152  (0.272)   -  -   -0.044  (0.523)   -  - 
1984  -0.963  (0.262)   -  -   0.010  (0.525)   -  - 
1985  -1.182  (0.262)   -  -   -0.073  (0.525)   -  - 
1986  -1.154  (0.267)   -  -   -0.046  (0.528)   -  - 
1987  -1.114  (0.274)   -  -   -0.210  (0.525)   -  - 
1988  -1.293  (0.284)   -  -   -0.344  (0.528)   -  - 
1989  -  -  -  -   0.087  (0.669)   -  - 
1990  -  -  -  -  -  -  -  - 
1991  -  -  -  -  -  -  -  - 
1992  -  -  -  -  -  -  -  - 
1993  -  -  -  -  -  -  -  - 
1994  -  -  -  -  -  -  -  - 
1995  -  -  -  -  -  -  -  - 
1996  -  -  -  -  -  -  -  - 
1997  -  -  -  -  -  -  -  - 
1998  -  -  -  -  -  -  -  - 
1999  -  -  -  -  -  -  -  - 
2000  -  -  -  -  -  -  -  - 
Grape Variety                   
Cabernet -0.140  (0.071)    0.052  (0.314)    -0.197  (0.059)    -0.083  (0.151) 
Chardonnay -0.042  (0.097)    0.109  (0.475)    -0.025  (0.073)    -0.150  (0.239) 
Pinot  Noir  0.291 (0.152)    0.491 (0.419)    0.257 (0.128)    0.258 (0.226) 
Riesling -0.376  (0.143)    -  -    -0.358  (0.098)    -0.338  (0.393) 
Botrytis  -  -  -  -  -  -  -  - 
Merlot  -  -  -  -  -  -  -  - 
Semillon  -  -  -  -  -  -  -  - 
Langton’s Categories                 
Outstanding  -0.887 (0.117)    -0.641 (0.609)    -0.698 (0.091)    -0.260 (0.221) 
Excellent  -0.864 (0.077)    -0.320 (0.429)    -0.745 (0.070)    -0.111 (0.209) 
Distinguished  -0.931 (0.078)    -0.349 (0.439)    -0.787 (0.069)    -0.305 (0.207) 
Summary Statistics                 
2 R ,
2 R   0.730  0.680  0.341  -0.429   0.554  0.507  0.402  0.174 
F-  statistic  14.654     0.443      11.906    1.765   
Chi-statistic  31.542     7.789      89.729    9.280   
(N,K)  200  32  14  8   340  33  30  9 
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TABLE A4.2 (CONTINUED) 
HEDONIC PRICE EQUATION ESTIMATION  RESULTS 
Period 1990Q4-1991Q1    Period 1991Q1-1991Q2 
All Wines    Vint. 86, 90, 94    All Wines    Vint. 86, 90, 94  Coefficient 
Est.  S.E.  Est.  S.E.  Est.  S.E.  Est.  S.E. 
Intercept  3.826 (0.539)    3.621 (0.180)    4.632 (0.236)    4.632 (0.236) 
log  return  -0.006 (0.053)    0.049 (0.132)    0.055 (0.049)    0.055 (0.049) 
Vintage                  
1966  0.591  (0.577)   -  -   -0.240  (0.289)   -  - 
1967  0.295  (0.543)   -  -   -0.378  (0.334)   -  - 
1968  0.220  (0.545)   -  -   -0.511  (0.334)   -  - 
1969  -0.075  (0.639)   -  -   -0.854  (0.334)   -  - 
1970  -0.063  (0.579)   -  -   -0.480  (0.304)   -  - 
1971  0.237  (0.606)   -  -   -0.156  (0.289)   -  - 
1972  -0.242  (0.549)   -  -   -0.919  (0.290)   -  - 
1973  -0.107  (0.548)   -  -   -0.716  (0.304)   -  - 
1974  -0.184  (0.573)   -  -   -0.635  (0.309)   -  - 
1975  -0.044  (0.569)   -  -   -0.928  (0.268)   -  - 
1976  0.160  (0.545)   -  -   -0.700  (0.275)   -  - 
1977  0.015  (0.540)   -  -   -0.628  (0.274)   -  - 
1978  0.052  (0.521)   -  -   -0.648  (0.265)   -  - 
1979  0.031  (0.529)   -  -   -0.784  (0.278)   -  - 
1980  0.156  (0.523)   -  -   -0.712  (0.258)   -  - 
1981  -0.063  (0.528)   -  -   -0.770  (0.260)   -  - 
1982  0.248  (0.523)   -  -   -0.553  (0.255)   -  - 
1983  0.025  (0.520)   -  -   -0.852  (0.264)   -  - 
1984  -0.043  (0.520)   -  -   -0.917  (0.250)   -  - 
1985  0.029  (0.522)   -  -   -0.874  (0.252)   -  - 
1986  0.085  (0.522)   -  -   -0.835  (0.253)   -  - 
1987  -0.190  (0.523)   -  -   -0.973  (0.260)   -  - 
1988  -0.260  (0.526)   -  -   -0.982  (0.282)   -  - 
1989  0.072  (0.676)   -  -   -1.564  (0.313)   -  - 
1990  -  -  -  -  -  -  -  - 
1991  -  -  -  -  -  -  -  - 
1992  -  -  -  -  -  -  -  - 
1993  -  -  -  -  -  -  -  - 
1994  -  -  -  -  -  -  -  - 
1995  -  -  -  -  -  -  -  - 
1996  -  -  -  -  -  -  -  - 
1997  -  -  -  -  -  -  -  - 
1998  -  -  -  -  -  -  -  - 
1999  -  -  -  -  -  -  -  - 
2000  -  -  -  -  -  -  -  - 
Grape Variety                   
Cabernet  -0.199 (0.061)    -0.211 (0.152)    -0.190 (0.063)    -0.194 (0.226) 
Chardonnay  -0.016 (0.091)    -0.293 (0.270)    -0.009 (0.108)    -0.145 (0.384) 
Pinot  Noir  0.422 (0.113)    0.413 (0.206)    0.513 (0.100)    0.557 (0.253) 
Riesling  -0.250 (0.118)    -0.389 (0.349)    -0.153 (0.185)    -0.365 (0.364) 
Botrytis           0.621  (0.346)      
M e r l o t                  
S e m i l l o n                  
Langton’s Categories                 
Outstanding  -0.681 (0.093)    -0.384 (0.180)    -0.747 (0.081)    -0.751 (0.190) 
Excellent  -0.754 (0.074)    -0.171 (0.202)    -0.804 (0.064)    -0.547 (0.186) 
Distinguished  -0.758 (0.074)    -0.508 (0.176)    -0.774 (0.065)    -0.728 (0.179) 
Summary Statistics                 
2 R ,
2 R   0.544 0.485    0.528 0.348    0.703 0.651    0.690 0.535 
F-  statistic  9.222     2.932      13.484    4.456   
Chi-statistic  79.445     8.732      40.271    9.437   
(N,K)  280 33   30  9   222 34   25  9 
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TABLE A4.2 (CONTINUED) 
HEDONIC PRICE EQUATION ESTIMATION  RESULTS 
Period 1991Q2-1991Q3    Period 1991Q3-1991Q4 
All Wines    Vint. 86, 90, 94    All Wines    Vint. 86, 90, 94  Coefficient 
Est.  S.E.  Est.  S.E.  Est.  S.E.  Est.  S.E. 
Intercept  4.559 (0.210)    3.279 (0.254)    4.505 (0.250)    3.362 (0.275) 
log  return  0.013 (0.049)    0.146 (0.133)    0.106 (0.049)    0.127 (0.139) 
Vintage                  
1966  -0.084  (0.273)   -  -   0.133  (0.321)   -  - 
1967  -0.036  (0.327)   -  -   -0.098  (0.352)   -  - 
1968  -0.238  (0.413)   -  -   -0.166  (0.352)   -  - 
1969 -0.229  (0.414)    -  -    -  -   -  - 
1970  -0.283  (0.291)   -  -   -0.312  (0.352)   -  - 
1971  0.081  (0.274)   -  -   0.392  (0.295)   -  - 
1972  -0.773  (0.253)   -  -   -0.604  (0.293)   -  - 
1973  -0.697  (0.272)   -  -   -0.746  (0.288)   -  - 
1974  -0.519  (0.255)   -  -   -0.295  (0.293)   -  - 
1975  -0.568  (0.274)   -  -   -0.328  (0.320)   -  - 
1976  -0.568  (0.242)   -  -   -0.515  (0.281)   -  - 
1977  -0.622  (0.239)   -  -   -0.668  (0.276)   -  - 
1978  -0.544  (0.232)   -  -   -0.459  (0.281)   -  - 
1979  -0.719  (0.245)   -  -   -0.560  (0.283)   -  - 
1980  -0.483  (0.237)   -  -   -0.465  (0.269)   -  - 
1981  -0.610  (0.240)   -  -   -0.584  (0.277)   -  - 
1982  -0.475  (0.224)   -  -   -0.407  (0.259)   -  - 
1983  -0.825  (0.232)   -  -   -0.746  (0.270)   -  - 
1984  -0.740  (0.222)   -  -   -0.626  (0.262)   -  - 
1985  -0.845  (0.222)   -  -   -0.823  (0.259)   -  - 
1986  -0.784  (0.223)   -  -   -0.661  (0.259)   -  - 
1987  -0.937  (0.225)   -  -   -0.864  (0.258)   -  - 
1988  -0.850  (0.253)   -  -   -0.828  (0.278)   -  - 
1989  -1.563  (0.281)   -  -   -1.079  (0.295)   -  - 
1990 -  -    -  -    -0.692  (0.360)    -0.140  (0.241) 
1991  -  -  -  -  -  -  -  - 
1992  -  -  -  -  -  -  -  - 
1993  -  -  -  -  -  -  -  - 
1994  -  -  -  -  -  -  -  - 
1995  -  -  -  -  -  -  -  - 
1996  -  -  -  -  -  -  -  - 
1997  -  -  -  -  -  -  -  - 
1998  -  -  -  -  -  -  -  - 
1999  -  -  -  -  -  -  -  - 
2000  -  -  -  -  -  -  -  - 
Grape Variety                   
Cabernet  -0.077  (0.063)   0.237  (0.192)   -0.014  (0.061)   0.181  (0.161) 
Chardonnay  0.125 (0.115)    0.304 (0.380)    0.227 (0.094)    0.174 (0.213) 
Pinot  Noir  0.501 (0.095)    0.808 (0.227)    0.450 (0.102)    0.802 (0.245) 
Riesling -0.314  (0.227)    -  -    -0.277  (0.171)    -0.249  (0.375) 
Botrytis 0.762  (0.271)    -  -    0.611  (0.216)    -  - 
Merlot  -  -  -  -   -  -   -   - 
Semillon  -  -  -  -   -0.585  (0.439)    -  - 
Langton’s Categories                 
Outstanding  -0.737 (0.083)    -0.624 (0.226)    -0.756 (0.086)    -0.480 (0.262) 
Excellent  -0.865 (0.068)    -0.613 (0.197)    -0.937 (0.068)    -0.532 (0.234) 
Distinguished  -0.913 (0.068)    -0.671 (0.215)    -0.985 (0.067)    -0.564 (0.238) 
Summary Statistics                 
2 R ,
2 R   0.709 0.662    0.600 0.435    0.709 0.661    0.522 0.318 
F-  statistic  15.043     3.641     14.942    2.553   
Chi-statistic 28.820      7.327      40.376     10.573   
(N,K)  238  34  25  8  244  35   31 10 
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TABLE A4.2 (CONTINUED) 
HEDONIC PRICE EQUATION ESTIMATION  RESULTS 
Period 1991Q4-1992Q1    Period 1992Q1-1992Q2 
All Wines    Vint. 86, 90, 94    All Wines    Vint. 86, 90, 94  Coefficient 
Est.  S.E.  Est.  S.E.  Est.  S.E.  Est.  S.E. 
Intercept  4.764 (0.191)    3.710 (0.160)    4.339 (0.432)    4.339 (0.432) 
log  return  -0.110  (0.043)    -0.028  (0.088)   0.057  (0.045)   0.057  (0.045) 
Vintage                  
1966  -  -   -  -    0.268  (0.462)   -  - 
1967  -0.164  (0.304)   -  -    -0.021  (0.533)   -  - 
1968  -0.693  (0.362)   -  -    -0.352  (0.545)   -  - 
1969  -1.059  (0.298)   -  -    -0.674  (0.483)   -  - 
1970  -0.732  (0.300)   -  -    -0.208  (0.486)   -  - 
1971  -0.185  (0.463)   -  -    -0.152  (0.573)   -  - 
1972  -0.608  (0.220)   -  -    -0.250  (0.441)   -  - 
1973  -0.893  (0.300)   -  -    -0.310  (0.467)   -  - 
1974  -0.187  (0.226)   -  -    0.182  (0.432)   -  - 
1975  -0.490  (0.271)   -  -    -0.335  (0.566)   -  - 
1976  -0.651  (0.271)   -  -    -0.082  (0.481)   -  - 
1977  -1.068  (0.360)   -  -    -0.522  (0.440)   -  - 
1978  -0.511  (0.221)   -  -    -0.336  (0.463)   -  - 
1979  -0.727  (0.219)   -  -    -0.382  (0.441)   -  - 
1980  -0.679  (0.214)   -  -    -0.314  (0.456)   -  - 
1981  -0.658  (0.208)   -  -    -0.269  (0.439)   -  - 
1982  -0.567  (0.196)   -  -    -0.187  (0.433)   -  - 
1983  -0.726  (0.206)   -  -    -0.349  (0.444)   -  - 
1984  -0.813  (0.196)   -  -    -0.505  (0.434)   -  - 
1985  -0.936  (0.195)   -  -    -0.539  (0.435)   -  - 
1986  -0.778  (0.197)   -  -    -0.331  (0.435)   -  - 
1987  -0.985  (0.201)   -  -    -0.625  (0.435)   -  - 
1988  -0.871  (0.201)   -  -    -0.441  (0.439)   -  - 
1989  -1.088  (0.208)   -  -    -0.661  (0.439)   -  - 
1990  -1.012 (0.260)    -0.284 (0.268)    -0.677 (0.446)    -0.295 (0.168) 
1991  -1.013  (0.230)   -  -    -0.650  (0.438)   -  - 
1992  - -    - -   - -    - - 
1993  - -    - -   - -    - - 
1994  - -    - -   - -    - - 
1995  - -    - -   - -    - - 
1996  - -    - -   - -    - - 
1997  - -    - -   - -    - - 
1998  - -    - -   - -    - - 
1999  - -    - -   - -    - - 
2000  - -    - -   - -    - - 
Grape Variety                   
Cabernet  -0.179 (0.057)    -0.069 (0.119)    -0.212 (0.063)    -0.231 (0.138) 
Chardonnay  0.081 (0.074)    -0.088 (0.142)    -0.035 (0.084)    -0.139 (0.161) 
Pinot  Noir  0.403 (0.079)    0.542 (0.184)    0.432 (0.073)    0.292 (0.175) 
Riesling  -0.292 (0.085)    -0.381 (0.269)    -0.270 (0.098)    -  - 
Botrytis  0.368  (0.110)    - -    - -    - - 
Merlot  - -    - -    - -    - - 
Semillon -0.507  (0.151)    -  -    -0.502  (0.088)    -0.641  (0.347) 
Langton’s Categories                 
Outstanding  -0.729 (0.074)    -0.529 (0.157)    -0.828 (0.082)    -0.622 (0.169) 
Excellent  -0.832 (0.073)    -0.621 (0.133)    -0.885 (0.065)    -0.690 (0.132) 
Distinguished  -0.849 (0.067)    -0.565 (0.136)    -0.869 (0.066)    -0.689 (0.130) 
Summary Statistics                 
2 R ,
2 R   0.717 0.675    0.648 0.517    0.755 0.714    0.686 0.588 
F-  statistic  16.977     4.919     18.444    7.034   
Chi-statistic 93.128      8.070      91.624     10.914   
(N,K)  270  36  34 10  245  37   39 10 
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TABLE A4.2 (CONTINUED) 
HEDONIC PRICE EQUATION ESTIMATION  RESULTS 
Period 1992Q2-1992Q3    Period 1992Q3-1992Q4 
All Wines    Vint. 86, 90, 94    All Wines    Vint. 86, 90, 94  Coefficient 
Est.  S.E.  Est.  S.E.  Est.  S.E.  Est.  S.E. 
Intercept  4.442 (0.415)    3.780 (0.183)    4.112 (0.236)    3.490 (0.139) 
log  return  -0.017 (0.061)    -0.133 (0.124)    0.146 (0.065)    0.183 (0.092) 
Vintage                  
1966  0.239  (0.420)   -  -    0.020  (0.318)   -  - 
1967  -0.152  (0.517)   -  -    0.547  (0.359)   -  - 
1968  0.043  (0.417)   -  -    0.046  (0.298)   -  - 
1969  -0.460  (0.549)   -  -    -0.107  (0.319)   -  - 
1970  -0.018  (0.416)   -  -    0.158  (0.319)   -  - 
1971  -0.150  (0.485)   -  -    0.464  (0.272)   -  - 
1972  -0.302  (0.421)   -  -    0.097  (0.318)   -  - 
1973  -0.333  (0.449)   -  -    0.108  (0.319)   -  - 
1974  0.173  (0.468)   -  -    0.425  (0.299)   -  - 
1975  -0.600  (0.634)   -  -    -0.140  (0.359)   -  - 
1976  0.238  (0.417)   -  -    0.309  (0.318)   -  - 
1977  -0.443  (0.448)   -  -    0.165  (0.318)   -  - 
1978  -0.672  (0.553)   -  -    -0.206  (0.317)   -  - 
1979  -0.319  (0.431)   -  -    0.056  (0.326)   -  - 
1980  -0.215  (0.446)   -  -    -0.008  (0.258)   -  - 
1981  -0.339  (0.423)   -  -    -0.149  (0.267)   -  - 
1982  -0.193  (0.420)   -  -    0.149  (0.247)   -  - 
1983  -0.490  (0.441)   -  -    -0.118  (0.253)   -  - 
1984  -0.610  (0.422)   -  -    -0.088  (0.246)   -  - 
1985  -0.619  (0.428)   -  -    -0.243  (0.247)   -  - 
1986  -0.419  (0.427)   -  -    -0.133  (0.239)   -  - 
1987  -0.717  (0.429)   -  -    -0.434  (0.244)   -  - 
1988  -0.628  (0.436)   -  -    -0.492  (0.251)   -  - 
1989  -0.745  (0.433)   -  -    -0.691  (0.253)   -  - 
1990  -0.526 (0.434)    -0.282 (0.269)    -0.598 (0.284)    -0.518 (0.138) 
1991  -  -   -  -    1.015  (0.473)   -  - 
1992  - -    - -    - -    - - 
1993  - -    - -    - -    - - 
1994  - -    - -    - -    - - 
1995  - -    - -    - -    - - 
1996  - -    - -    - -    - - 
1997  - -    - -    - -    - - 
1998  - -    - -    - -    - - 
1999  - -    - -    - -    - - 
2000  - -    - -    - -    - - 
Grape Variety                   
Cabernet  -0.067 (0.082)    0.021 (0.168)    0.007 (0.070)    0.181 (0.102) 
Chardonnay  0.046 (0.096)    0.130 (0.236)    0.259 (0.108)    0.251 (0.145) 
Pinot  Noir  0.468 (0.131)    0.657 (0.238)    0.496 (0.125)    0.605 (0.142) 
Riesling  -0.213  (0.136)   -  -   -0.004  (0.184)   -  - 
Botrytis  - -    - -    - -    - - 
Merlot  - -    - -    - -    - - 
Semillon -0.522  (0.136)    -  -    -0.467  (0.305)    -0.507  (0.270) 
Langton’s Categories                 
Outstanding  -0.921 (0.126)    -0.686 (0.234)    -0.926 (0.114)    -0.719 (0.171) 
Excellent  -0.977 (0.087)    -0.709 (0.174)    -1.063 (0.078)    -0.568 (0.144) 
Distinguished  -1.031 (0.084)    -0.735 (0.170)    -1.150 (0.086)    -0.671 (0.135) 
Summary Statistics                 
2 R ,
2 R   0.788 0.738    0.592 0.444    0.740 0.688    0.782 0.700 
F-  statistic  15.857     3.998      14.262    9.555   
Chi-statistic  56.755     7.741      38.356    9.216   
(N,K)  180  35  31  9   211  36  34 10 
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TABLE A4.2 (CONTINUED) 
HEDONIC PRICE EQUATION ESTIMATION  RESULTS 
Period 1992Q4-1993Q1    Period 1993Q1-1993Q2 
All Wines    Vint. 86, 90, 94    All Wines    Vint. 86, 90, 94  Coefficient 
Est.  S.E.  Est.  S.E.  Est.  S.E.  Est.  S.E. 
Intercept  4.121 (0.194)    3.878 (0.160)    4.298 (0.311)    3.879 (0.149) 
log  return  -0.090 (0.053)    -0.070 (0.110)    0.126 (0.048)    0.130 (0.121) 
Vintage                  
1966  0.119  (0.291)   -  -    0.082  (0.412)   -  - 
1967  -0.018  (0.291)   -  -    -0.427  (0.434)   -  - 
1968  -0.172  (0.269)   -  -    -0.377  (0.367)   -  - 
1969  -0.462  (0.290)   -  -    -0.767  (0.490)   -  - 
1970  0.113  (0.330)   -  -    -0.434  (0.445)   -  - 
1971  0.994  (0.270)   -  -    0.135  (0.435)   -  - 
1972  0.259  (0.290)   -  -    -0.287  (0.412)   -  - 
1973  -0.209  (0.271)   -  -    -0.439  (0.384)   -  - 
1974  0.413  (0.290)   -  -    -0.118  (0.375)   -  - 
1975  -0.134  (0.332)   -  -    0.191  (0.317)   -  - 
1976  0.401  (0.269)   -  -    -0.073  (0.347)   -  - 
1977  0.230  (0.256)   -  -    0.045  (0.326)   -  - 
1978  0.020  (0.246)   -  -    -0.038  (0.326)   -  - 
1979  0.369  (0.256)   -  -    -0.008  (0.332)   -  - 
1980  -0.088  (0.229)   -  -    -0.085  (0.323)   -  - 
1981  -0.082  (0.239)   -  -    -0.353  (0.318)   -  - 
1982  0.175  (0.211)   -  -    -0.046  (0.317)   -  - 
1983  -0.073  (0.208)   -  -    -0.372  (0.316)   -  - 
1984  -0.059  (0.205)   -  -    -0.367  (0.315)   -  - 
1985  -0.170  (0.205)   -  -    -0.331  (0.314)   -  - 
1986  -0.052  (0.204)   -  -    -0.292  (0.315)   -  - 
1987  -0.347  (0.210)   -  -    -0.468  (0.314)   -  - 
1988  -0.397  (0.213)   -  -    -0.553  (0.318)   -  - 
1989  -0.591  (0.211)   -  -    -0.753  (0.319)   -  - 
1990  -0.582 (0.250)    -0.551 (0.152)    -0.655 (0.334)    -0.420 (0.187) 
1991  0.998  (0.444)   -  -    -0.779  (0.314)   -  - 
1992  -0.143  (0.439)   -  -    -0.632  (0.379)   -  - 
1993  - -    - -   - -    - - 
1994  - -    - -   - -    - - 
1995  - -    - -   - -    - - 
1996  - -    - -   - -    - - 
1997  - -    - -   - -    - - 
1998  - -    - -   - -    - - 
1999  - -    - -   - -    - - 
2000  - -    - -   - -    - - 
Grape Variety                   
Cabernet  -0.080 (0.057)    -0.024 (0.108)    -0.171 (0.053)    -0.155 (0.130) 
Chardonnay  0.149 (0.103)    0.116 (0.195)    0.049 (0.075)    0.060 (0.212) 
Pinot  Noir  0.362 (0.141)    0.288 (0.201)    0.324 (0.106)    0.213 (0.275) 
Riesling -0.069  (0.187)    -  -    -0.259  (0.111)    -0.048  (0.391) 
Botrytis 0.696  (0.394)    -  -    0.080  (0.130)    -0.181  (0.356) 
Merlot  - -    - -    - -    - - 
Semillon  -0.601 (0.417)    -0.634 (0.329)    -0.432 (0.112)    -0.525 (0.356) 
Langton’s Categories                 
Outstanding  -0.662 (0.091)    -0.667 (0.192)    -0.622 (0.087)    -0.437 (0.194) 
Excellent  -0.858 (0.064)    -0.614 (0.150)    -0.803 (0.060)    -0.651 (0.151) 
Distinguished  -1.020 (0.070)    -0.770 (0.136)    -0.960 (0.062)    -0.764 (0.144) 
Summary Statistics                 
2 R ,
2 R   0.710 0.663    0.718 0.627    0.694 0.654    0.591 0.442 
F-  statistic  15.067     7.910     17.429    3.948   
Chi-statistic  37.274     10.765     79.865    14.045   
(N,K)  266  38   38 10  323  38   42 12 
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TABLE A4.2 (CONTINUED) 
HEDONIC PRICE EQUATION ESTIMATION  RESULTS 
Period 1993Q2-1993Q3    Period 1993Q3-1993Q4 
All Wines    Vint. 86, 90, 94    All Wines    Vint. 86, 90, 94  Coefficient 
Est.  S.E.  Est.  S.E.  Est.  S.E.  Est.  S.E. 
Intercept  4.706 (0.222)    4.007 (0.154)    4.729 (0.188)    4.068 (0.159) 
log return  0.016  (0.051)    0.106  (0.106)    -0.023  (0.052)    -0.130  (0.103) 
Vintage                  
1966  -0.084  (0.296)   -  -    0.087  (0.262)   -  - 
1967  -0.535  (0.315)   -  -    -0.439  (0.307)   -  - 
1968  -0.586  (0.279)   -  -    -0.576  (0.308)   -  - 
1969  -0.663  (0.334)   -  -    -0.830  (0.325)   -  - 
1970  -0.555  (0.278)   -  -    -0.427  (0.219)   -  - 
1971  -0.104  (0.339)   -  -    0.085  (0.332)   -  - 
1972  -0.634  (0.233)   -  -    -0.575  (0.193)   -  - 
1973  -0.589  (0.273)   -  -    -0.685  (0.250)   -  - 
1974  -0.480  (0.325)   -  -    -0.423  (0.401)   -  - 
1975  -0.015  (0.219)   -  -    -0.033  (0.193)   -  - 
1976  -0.366  (0.265)   -  -    -0.298  (0.247)   -  - 
1977  -0.299  (0.259)   -  -    -0.589  (0.259)   -  - 
1978  -0.151  (0.239)   -  -    -0.452  (0.257)   -  - 
1979  -0.357  (0.264)   -  -    -0.382  (0.218)   -  - 
1980  -0.181  (0.240)   -  -    -0.339  (0.228)   -  - 
1981  -0.589  (0.233)   -  -    -0.403  (0.231)   -  - 
1982  -0.210  (0.235)   -  -    -0.214  (0.212)   -  - 
1983  -0.571  (0.240)   -  -    -0.651  (0.219)   -  - 
1984  -0.583  (0.228)   -  -    -0.509  (0.205)   -  - 
1985  -0.499  (0.232)   -  -    -0.561  (0.205)   -  - 
1986  -0.477  (0.230)   -  -    -0.472  (0.199)   -  - 
1987  -0.669  (0.229)   -  -    -0.775  (0.198)   -  - 
1988  -0.669  (0.235)   -  -    -0.618  (0.206)   -  - 
1989  -0.964  (0.235)   -  -    -0.876  (0.206)   -  - 
1990  -0.681 (0.235)    -0.273 (0.146)    -0.686 (0.218)    -0.219 (0.106) 
1991  -1.044  (0.235)   -  -    -1.135  (0.217)   -  - 
1992  -1.084  (0.226)   -  -    -0.949  (0.205)   -  - 
1993  -  -   -  -    -0.999  (0.196)   -  - 
1994  - -    - -   - -    - - 
1995  - -    - -   - -    - - 
1996  - -    - -   - -    - - 
1997  - -    - -   - -    - - 
1998  - -    - -   - -    - - 
1999  - -    - -   - -    - - 
2000  - -    - -   - -    - - 
Grape Variety                   
Cabernet  -0.167 (0.057)    -0.084 (0.131)    -0.205 (0.064)    0.042 (0.119) 
Chardonnay  0.096 (0.071)    0.046 (0.164)    0.069 (0.088)    0.071 (0.207) 
Pinot  Noir  0.367 (0.090)    0.250 (0.201)    0.422 (0.100)    0.595 (0.179) 
Riesling  -0.230 (0.115)    -0.172 (0.347)    -0.254 (0.104)    -  - 
Botrytis 0.099  (0.112)    -0.157  (0.333)    0.371  (0.134)    -  - 
Merlot  - -    - -    - -    - - 
Semillon  -0.377 (0.108)    -0.526 (0.253)    -0.481 (0.080)    -0.442 (0.264) 
Langton’s Categories                 
Outstanding  -0.811 (0.102)    -0.637 (0.178)    -0.790 (0.092)    -0.876 (0.182) 
Excellent  -0.946 (0.066)    -0.672 (0.156)    -0.923 (0.071)    -0.699 (0.159) 
Distinguished  -1.076 (0.067)    -0.823 (0.158)    -1.053 (0.067)    -0.929 (0.157) 
Summary Statistics                 
2 R ,
2 R   0.732 0.695    0.644 0.514    0.745 0.705    0.637 0.544 
F-  statistic  19.690     4.937     18.820    6.822   
Chi-statistic  67.837     19.814     67.832    15.228   
(N,K)  305  38   42 12  284  39   45 10 
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TABLE A4.2 (CONTINUED) 
HEDONIC PRICE EQUATION ESTIMATION  RESULTS 
Period 1993Q4-1994Q1    Period 1994Q1-1994Q2 
All Wines    Vint. 86, 90, 94    All Wines    Vint. 86, 90, 94  Coefficient 
Est.  S.E.  Est.  S.E.  Est.  S.E.  Est.  S.E. 
Intercept  4.820 (0.206)    4.077 (0.170)    4.952 (0.157)    4.336 (0.139) 
log  return  0.178  (0.045)   0.158  (0.104)   -0.077  (0.044)   0.010  (0.098) 
Vintage                  
1966  0.138  (0.206)   -  -    -0.081  (0.262)   -  - 
1967  -0.587  (0.467)   -  -    -0.576  (0.304)   -  - 
1968  -0.640  (0.306)   -  -    -0.763  (0.226)   -  - 
1969  -1.011  (0.349)   -  -    -0.650  (0.327)   -  - 
1970  -0.451  (0.237)   -  -    -0.519  (0.190)   -  - 
1971  0.023  (0.352)   -  -    -0.067  (0.285)   -  - 
1972  -0.653  (0.218)   -  -    -0.591  (0.207)   -  - 
1973  -0.616  (0.262)   -  -    -0.475  (0.192)   -  - 
1974  -0.188  (0.241)   -  -    -0.698  (0.242)   -  - 
1975  -0.365  (0.269)   -  -    -0.445  (0.190)   -  - 
1976  -0.527  (0.261)   -  -    -0.450  (0.206)   -  - 
1977  -0.771  (0.271)   -  -    -0.742  (0.230)   -  - 
1978  -0.761  (0.255)   -  -    -0.633  (0.202)   -  - 
1979  -0.507  (0.230)   -  -    -0.551  (0.167)   -  - 
1980  -0.477  (0.246)   -  -    -0.252  (0.179)   -  - 
1981  -0.495  (0.233)   -  -    -0.493  (0.192)   -  - 
1982  -0.412  (0.237)   -  -    -0.343  (0.178)   -  - 
1983  -0.840  (0.233)   -  -    -0.545  (0.194)   -  - 
1984  -0.626  (0.222)   -  -    -0.680  (0.178)   -  - 
1985  -0.708  (0.222)   -  -    -0.665  (0.174)   -  - 
1986  -0.646  (0.221)   -  -    -0.482  (0.164)   -  - 
1987  -0.912  (0.218)   -  -    -0.782  (0.166)   -  - 
1988  -0.867  (0.232)   -  -    -0.783  (0.169)   -  - 
1989  -1.045  (0.222)   -  -    -1.041  (0.170)   -  - 
1990  -0.918 (0.242)    -0.241 (0.110)    -1.024 (0.161)    -0.501 (0.102) 
1991  -1.221  (0.241)   -  -    -0.841  (0.207)   -  - 
1992  -1.142  (0.219)   -  -    -0.863  (0.185)   -  - 
1993  -1.197  (0.218)   -  -    -0.931  (0.168)   -  - 
1994  - -    - -   - -    - - 
1995  - -    - -   - -    - - 
1996  - -    - -   - -    - - 
1997  - -    - -   - -    - - 
1998  - -    - -   - -    - - 
1999  - -    - -   - -    - - 
2000  - -    - -   - -    - - 
Grape Variety                   
Cabernet -0.093  (0.059)    0.032  (0.119)    -0.059  (0.055)    -0.123  (0.103) 
Chardonnay  0.134 (0.074)    0.135 (0.198)    0.126 (0.073)    0.113 (0.178) 
Pinot  Noir  0.420 (0.118)    0.563 (0.159)    0.384 (0.086)    0.254 (0.159) 
Riesling -0.163  (0.080)    -  -    -0.265  (0.100)    -0.520  (0.327) 
Botrytis  0.312  (0.129)   -  -   0.393  (0.116)   -  - 
Merlot  - -    - -    - -    - - 
Semillon  -0.400 (0.070)    -0.262 (0.264)    -0.501 (0.107)    -0.257 (0.319) 
Langton’s Categories                 
Outstanding  -0.867 (0.085)    -1.025 (0.201)    -0.878 (0.078)    -0.822 (0.154) 
Excellent  -0.918 (0.067)    -0.858 (0.174)    -1.003 (0.062)    -0.839 (0.129) 
Distinguished  -1.116 (0.072)    -1.075 (0.173)    -1.185 (0.071)    -1.020 (0.132) 
Summary Statistics                 
2 R ,
2 R   0.754 0.720    0.608 0.515    0.723 0.690    0.709 0.637 
F-  statistic  21.887     6.536     21.483    9.768   
Chi-statistic  113.37     12.804     98.207    14.948   
(N,K)  310  39   48 10  351  39   51 11 
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TABLE A4.2 (CONTINUED) 
HEDONIC PRICE EQUATION ESTIMATION  RESULTS 
Period 1994Q2-1994Q3    Period 1994Q3-1994Q4 
All Wines    Vint. 86, 90, 94    All Wines    Vint. 86, 90, 94  Coefficient 
Est.  S.E.  Est.  S.E.  Est.  S.E.  Est.  S.E. 
Intercept  4.914  (0.183)   4.340  (0.111)   5.105 (0.165)   4.206  (0.114) 
log  return  -0.053  (0.040)   0.033  (0.083)   0.060 (0.038)   0.068  (0.079) 
Vintage                  
1966  -0.009  (0.309)   -  -    -0.455  (0.452)   -  - 
1967  -0.484  (0.263)   -  -    -0.838  (0.319)   -  - 
1968  -0.818  (0.288)   -  -    -1.100  (0.324)   -  - 
1969  -0.416  (0.370)   -  -    -0.926  (0.334)   -  - 
1970  -0.585  (0.214)   -  -    -0.601  (0.196)   -  - 
1971  -0.333  (0.277)   -  -    -0.463  (0.326)   -  - 
1972  -0.764  (0.207)   -  -    -1.015  (0.182)   -  - 
1973  -0.637  (0.221)   -  -    -0.893  (0.203)   -  - 
1974  -0.679  (0.232)   -  -    -0.889  (0.226)   -  - 
1975  -0.491  (0.206)   -  -    -0.782  (0.217)   -  - 
1976  -0.527  (0.222)   -  -    -0.781  (0.214)   -  - 
1977  -0.696  (0.233)   -  -    -0.816  (0.202)   -  - 
1978  -0.590  (0.216)   -  -    -0.766  (0.198)   -  - 
1979  -0.665  (0.199)   -  -    -0.902  (0.196)   -  - 
1980  -0.474  (0.202)   -  -    -0.821  (0.188)   -  - 
1981  -0.494  (0.205)   -  -    -0.675  (0.184)   -  - 
1982  -0.422  (0.194)   -  -    -0.634  (0.179)   -  - 
1983  -0.511  (0.214)   -  -    -0.768  (0.199)   -  - 
1984  -0.709  (0.207)   -  -    -0.796  (0.191)   -  - 
1985  -0.650  (0.201)   -  -    -0.851  (0.180)   -  - 
1986  -0.452  (0.191)   -  -    -0.664  (0.179)   -  - 
1987  -0.821  (0.194)   -  -    -1.007  (0.176)   -  - 
1988  -0.811  (0.192)   -  -    -1.001  (0.181)   -  - 
1989  -1.029  (0.197)   -  -    -1.119  (0.184)   -  - 
1990  -0.966  (0.191)   -0.525  (0.091)    -0.920  (0.184)   -0.266  (0.081) 
1991  -0.644  (0.249)   -  -    -1.039  (0.213)   -  - 
1992  -0.757  (0.200)   -  -    -1.125  (0.185)   -  - 
1993  -0.774  (0.203)   -  -    -1.031  (0.183)   -  - 
1994  -  -   -  -    -  -   -  - 
1995  -  -   -  -    -  -   -  - 
1996  -  -   -  -    -  -   -  - 
1997  -  -   -  -    -  -   -  - 
1998  -  -   -  -    -  -   -  - 
1999  -  -   -  -    -  -   -  - 
2000  -  -   -  -    -  -   -  - 
Grape Variety                   
Cabernet -0.135  (0.049)    -0.128  (0.095)    -0.156  (0.044)    0.039  (0.089) 
Chardonnay -0.007  (0.099)    0.084  (0.234)    -0.041  (0.069)    -0.083  (0.159) 
Pinot  Noir  0.323  (0.067)   0.247  (0.141)    0.300  (0.056)   0.298  (0.130) 
Riesling  -0.526  (0.135)   -0.158  (0.242)    -0.516  (0.098)   -0.179  (0.195) 
Botrytis  0.269  (0.163)   0.009  (0.314)    0.211  (0.080)   0.136  (0.320) 
Merlot  -  -   -  -   -  -   -  - 
Semillon  -0.554  (0.090)   -0.309  (0.314)    -0.395  (0.140)   -0.057  (0.232) 
Langton’s Categories                 
Outstanding  -0.768  (0.067)   -0.716  (0.128)    -0.804  (0.065)   -0.652  (0.132) 
Excellent  -0.986  (0.055)   -0.886  (0.116)    -1.036  (0.054)   -0.845  (0.120) 
Distinguished  -1.109  (0.061)   -0.981  (0.113)    -1.175  (0.058)   -1.059  (0.123) 
Summary Statistics                 
2 R ,
2 R   0.696  0.666   0.734  0.673   0.723  0.696   0.675  0.615 
F-  statistic  23.097     12.027      27.076     11.165   
Chi-statistic  79.973     13.545      126.38     12.844   
(N,K)  423  39   60 12   434 39   71 12 
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TABLE A4.2 (CONTINUED) 
HEDONIC PRICE EQUATION ESTIMATION  RESULTS 
Period 1994Q4-1995Q1    Period 1995Q1-1995Q2 
All Wines    Vint. 86, 90, 94    All Wines    Vint. 86, 90, 94  Coefficient 
Est.  S.E.  Est.  S.E.  Est.  S.E.  Est.  S.E. 
Intercept  5.044 (0.074)    4.188 (0.117)    5.205 (0.021)    4.394 (0.122) 
log  return  0.062 (0.039)    0.070 (0.081)    0.104 (0.040)    0.039 (0.088) 
Vintage                  
1966  -0.421  (0.369)   -  -    0.161  (0.113)   -  - 
1967  -0.641  (0.278)   -  -    -0.432  (0.157)   -  - 
1968  -1.064  (0.252)   -  -    -0.889  (0.317)   -  - 
1969  -0.941  (0.213)   -  -    -0.952  (0.102)   -  - 
1970  -0.732  (0.138)   -  -    -0.970  (0.138)   -  - 
1971  -0.132  (0.360)   -  -    -0.509  (0.325)   -  - 
1972  -0.849  (0.113)   -  -    -0.912  (0.156)   -  - 
1973  -0.782  (0.131)   -  -    -0.726  (0.170)   -  - 
1974  -0.875  (0.186)   -  -    -0.806  (0.128)   -  - 
1975  -0.769  (0.210)   -  -    -0.690  (0.141)   -  - 
1976  -0.514  (0.143)   -  -    -0.664  (0.141)   -  - 
1977  -0.722  (0.151)   -  -    -0.768  (0.115)   -  - 
1978  -0.660  (0.117)   -  -    -0.901  (0.095)   -  - 
1979  -0.756  (0.104)   -  -    -0.755  (0.081)   -  - 
1980  -0.603  (0.150)   -  -    -0.590  (0.112)   -  - 
1981  -0.690  (0.109)   -  -    -0.855  (0.104)   -  - 
1982  -0.493  (0.105)   -  -    -0.699  (0.094)   -  - 
1983  -0.644  (0.132)   -  -    -0.817  (0.132)   -  - 
1984  -0.681  (0.110)   -  -    -0.885  (0.086)   -  - 
1985  -0.752  (0.104)   -  -    -0.897  (0.079)   -  - 
1986  -0.560  (0.103)   -  -    -0.734  (0.079)   -  - 
1987  -0.815  (0.100)   -  -    -0.844  (0.078)   -  - 
1988  -0.857  (0.108)   -  -    -0.992  (0.085)   -  - 
1989  -0.888  (0.105)   -  -    -0.989  (0.092)   -  - 
1990  -0.756 (0.106)    -0.212 (0.079)    -0.965 (0.077)    -0.247 (0.086) 
1991  -1.003  (0.129)   -  -    -1.154  (0.104)   -  - 
1992  -1.027  (0.106)   -  -    -1.212  (0.114)   -  - 
1993  -0.946  (0.098)   -  -    -1.417  (0.063)   -  - 
1994  - -    - -   - -    - - 
1995  - -    - -   - -    - - 
1996  - -    - -   - -    - - 
1997  - -    - -   - -    - - 
1998  - -    - -   - -    - - 
1999  - -    - -   - -    - - 
2000  - -    - -   - -    - - 
Grape Variety                   
Cabernet  -0.155  (0.047)   0.045  (0.088)   -0.126  (0.050)   0.007  (0.092) 
Chardonnay  -0.008 (0.054)    -0.098 (0.140)    -0.085 (0.065)    -0.195 (0.160) 
Pinot  Noir  0.195 (0.075)    0.201 (0.197)    0.076 (0.116)    -  - 
Riesling  -0.445 (0.095)    -0.304 (0.240)    -0.340 (0.088)    -0.482 (0.331) 
Botrytis  0.185 (0.071)    0.159 (0.329)    0.244 (0.087)    0.147 (0.333) 
Merlot  - -    - -    - -    - - 
Semillon -0.272  (0.145)    0.079  (0.326)    -0.531  (0.072)    -0.524  (0.242) 
Langton’s Categories                 
Outstanding  -0.770 (0.070)    -0.535 (0.136)    -0.668 (0.075)    -0.685 (0.140) 
Excellent  -1.033 (0.055)    -0.770 (0.115)    -1.001 (0.063)    -0.860 (0.118) 
Distinguished  -1.224 (0.059)    -0.998 (0.123)    -1.198 (0.068)    -1.131 (0.132) 
Summary Statistics                 
2 R ,
2 R   0.760 0.733    0.636 0.569    0.766 0.738    0.670 0.604 
F- statistic  28.492      9.391      27.094     10.170   
Chi-statistic  88.711     17.142     57.871    13.402   
(N,K)  381  39   71 12  353  39   61 11 
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TABLE A4.2 (CONTINUED) 
HEDONIC PRICE EQUATION ESTIMATION  RESULTS 
Period 1995Q2-1995Q3    Period 1995Q3-1995Q4 
All Wines    Vint. 86, 90, 94    All Wines    Vint. 86, 90, 94  Coefficient 
Est.  S.E.  Est.  S.E.  Est.  S.E.  Est.  S.E. 
Intercept  5.336 (0.022)    4.574 (0.106)    5.063 (0.267)    4.631 (0.103) 
log  return  -0.019 (0.034)    0.082 (0.075)    0.101 (0.034)    0.114 (0.074) 
Vintage                  
1966  -0.357  (0.305)   -  -    -0.143  (0.378)   -  - 
1967  -0.543  (0.196)   -  -    -0.405  (0.318)   -  - 
1968  -0.851  (0.160)   -  -    -0.750  (0.300)   -  - 
1969  -0.892  (0.095)   -  -    -0.734  (0.298)   -  - 
1970  -0.933  (0.142)   -  -    -0.623  (0.284)   -  - 
1971  -0.686  (0.217)   -  -    -0.404  (0.340)   -  - 
1972  -1.003  (0.158)   -  -    -0.828  (0.302)   -  - 
1973  -0.944  (0.197)   -  -    -0.818  (0.311)   -  - 
1974  -0.857  (0.137)   -  -    -0.609  (0.306)   -  - 
1975  -0.663  (0.128)   -  -    -0.560  (0.312)   -  - 
1976  -0.671  (0.124)   -  -    -0.315  (0.294)   -  - 
1977  -0.809  (0.100)   -  -    -0.648  (0.299)   -  - 
1978  -0.870  (0.117)   -  -    -0.576  (0.294)   -  - 
1979  -0.839  (0.097)   -  -    -0.615  (0.301)   -  - 
1980  -0.674  (0.091)   -  -    -0.454  (0.286)   -  - 
1981  -0.872  (0.109)   -  -    -0.606  (0.287)   -  - 
1982  -0.652  (0.073)   -  -    -0.366  (0.279)   -  - 
1983  -0.748  (0.101)   -  -    -0.554  (0.284)   -  - 
1984  -0.792  (0.076)   -  -    -0.593  (0.278)   -  - 
1985  -0.820  (0.070)   -  -    -0.527  (0.278)   -  - 
1986  -0.690  (0.067)   -  -    -0.387  (0.275)   -  - 
1987  -0.862  (0.061)   -  -    -0.644  (0.275)   -  - 
1988  -0.929  (0.063)   -  -    -0.672  (0.274)   -  - 
1989  -1.024  (0.067)   -  -    -0.746  (0.276)   -  - 
1990  -0.884 (0.071)    -0.181 (0.074)    -0.560 (0.277)    -0.160 (0.076) 
1991  -1.079  (0.073)   -  -    -0.747  (0.278)   -  - 
1992  -1.160  (0.098)   -  -    -0.846  (0.280)   -  - 
1993  -1.111  (0.135)   -  -    -0.691  (0.280)   -  - 
1994  -1.357 (0.075)    -0.862 (0.365)    -0.920 (0.292)    -0.652 (0.208) 
1995  - -    - -   - -    - - 
1996  - -    - -   - -    - - 
1997  - -    - -   - -    - - 
1998  - -    - -   - -    - - 
1999  - -    - -   - -    - - 
2000  - -    - -   - -    - - 
Grape Variety                   
Cabernet  -0.167 (0.040)    -0.043 (0.083)    -0.185 (0.040)    -0.118 (0.085) 
Chardonnay  -0.182 (0.058)    -0.394 (0.154)    -0.203 (0.066)    -0.461 (0.145) 
Pinot  Noir  0.108 (0.063)    0.284 (0.198)    0.095 (0.069)    0.059 (0.187) 
Riesling  -0.442 (0.085)    -0.477 (0.169)    -0.491 (0.072)    -0.483 (0.156) 
Botrytis  0.355  (0.092)   -  -   0.344  (0.142)   -  - 
Merlot  - -    - -    - -    - - 
Semillon  -0.542 (0.066)    -0.403 (0.196)    -0.510 (0.088)    -0.423 (0.269) 
Langton’s Categories                 
Outstanding  -0.738 (0.058)    -0.934 (0.119)    -0.739 (0.058)    -0.817 (0.122) 
Excellent  -1.020 (0.047)    -0.993 (0.105)    -1.003 (0.048)    -0.891 (0.102) 
Distinguished  -1.213 (0.055)    -1.263 (0.114)    -1.229 (0.050)    -1.246 (0.114) 
Summary Statistics                 
2 R ,
2 R   0.733 0.711    0.742 0.700    0.733 0.711    0.730 0.691 
F-  statistic  33.486     17.737     33.822    18.698   
Chi-statistic  77.017     10.726     80.312    13.301   
(N,K)  516  40   80 12  521  40   88 12 
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TABLE A4.2 (CONTINUED) 
HEDONIC PRICE EQUATION ESTIMATION  RESULTS 
Period 1995Q4-1996Q1    Period 1996Q1-1996Q2 
All Wines    Vint. 86, 90, 94    All Wines    Vint. 86, 90, 94  Coefficient 
Est.  S.E.  Est.  S.E.  Est.  S.E.  Est.  S.E. 
Intercept  5.139 (0.273)    4.732 (0.100)    5.372 (0.052)    4.942 (0.098) 
log  return  0.052 (0.035)    0.127 (0.070)    0.121 (0.029)    0.050 (0.068) 
Vintage                  
1966 -0.150  (0.353)    -  -   -0.344  (0.214)    -  - 
1967 -0.650  (0.387)    -  -   -0.655  (0.286)    -  - 
1968 -0.706  (0.322)    -  -   -0.626  (0.080)    -  - 
1969 -0.748  (0.321)    -  -   -0.734  (0.197)    -  - 
1970 -0.566  (0.287)    -  -   -0.553  (0.102)    -  - 
1971 -0.267  (0.349)    -  -   -0.308  (0.294)    -  - 
1972 -0.721  (0.307)    -  -   -0.796  (0.113)    -  - 
1973 -0.754  (0.290)    -  -   -0.830  (0.136)    -  - 
1974 -0.423  (0.277)    -  -   -0.617  (0.058)    -  - 
1975 -0.684  (0.323)    -  -   -0.847  (0.219)    -  - 
1976 -0.213  (0.295)    -  -   -0.435  (0.135)    -  - 
1977 -0.627  (0.312)    -  -   -0.710  (0.163)    -  - 
1978 -0.531  (0.291)    -  -   -0.634  (0.087)    -  - 
1979 -0.549  (0.302)    -  -   -0.752  (0.107)    -  - 
1980 -0.420  (0.296)    -  -   -0.583  (0.102)    -  - 
1981 -0.455  (0.282)    -  -   -0.688  (0.096)    -  - 
1982 -0.299  (0.287)    -  -   -0.536  (0.090)    -  - 
1983 -0.608  (0.290)    -  -   -0.705  (0.107)    -  - 
1984 -0.683  (0.284)    -  -   -0.868  (0.088)    -  - 
1985 -0.583  (0.285)    -  -   -0.757  (0.082)    -  - 
1986 -0.339  (0.281)    -  -   -0.497  (0.082)    -  - 
1987 -0.651  (0.281)    -  -   -0.838  (0.075)    -  - 
1988 -0.661  (0.279)    -  -   -0.830  (0.072)    -  - 
1989 -0.745  (0.286)    -  -   -0.986  (0.088)    -  - 
1990  -0.490 (0.282)    -0.137 (0.073)    -0.698 (0.083)    -0.160 (0.071) 
1991 -0.730  (0.284)    -  -   -0.961  (0.079)    -  - 
1992 -0.802  (0.285)    -  -   -0.955  (0.083)    -  - 
1993 -0.739  (0.286)    -  -   -1.039  (0.095)    -  - 
1994  -0.891 (0.290)    -0.608 (0.163)    -1.199 (0.179)    -0.648 (0.154) 
1995 -  -   -   -   -1.163  (0.084)    -  - 
1996 -  -   -   -   -   -   -   - 
1997 -  -   -   -   -   -   -   - 
1998 -  -   -   -   -   -   -   - 
1999 -  -   -   -   -   -   -   - 
2000 -  -   -   -   -   -   -   - 
Grape Variety                   
Cabernet  -0.241 (0.041)    -0.237 (0.082)    -0.260 (0.034)    -0.221 (0.078) 
Chardonnay  -0.212 (0.069)    -0.430 (0.126)    -0.208 (0.055)    -0.279 (0.117) 
Pinot  Noir  -0.092 (0.084)    -0.330 (0.238)    -0.008 (0.058)    0.179 (0.181) 
Riesling  -0.556 (0.074)    -0.564 (0.165)    -0.478 (0.085)    -0.535 (0.180) 
Botrytis 0.476  (0.086)    -  -   0.218  (0.116)    -  - 
Merlot -  -   -   -   -   -   -   - 
Semillon -0.420  (0.084)    -  -   -0.467  (0.073)   -0.208  (0.339) 
Langton’s Categories                 
Outstanding  -0.656 (0.055)    -0.613 (0.129)    -0.685 (0.049)    -0.753 (0.118) 
Excellent  -0.976 (0.049)    -0.833 (0.094)    -0.989 (0.042)    -1.023 (0.096) 
Distinguished  -1.148 (0.048)    -1.192 (0.103)    -1.108 (0.043)    -1.271 (0.098) 
Summary Statistics                 
2 R ,
2 R   0.762 0.740    0.763 0.731    0.772 0.754    0.750 0.719 
F-  statistic  33.982     23.853     42.779    24.220   
Chi-statistic  77.149     17.727     71.574    20.027   
(N,K)  454 40   85 11  547 41  101 12 
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TABLE A4.2 (CONTINUED) 
HEDONIC PRICE EQUATION ESTIMATION  RESULTS 
Period 1996Q2-1996Q3    Period 1996Q3-1996Q4 
All Wines    Vint. 86, 90, 94    All Wines    Vint. 86, 90, 94  Coefficient 
Est.  S.E.  Est.  S.E.  Est.  S.E.  Est.  S.E. 
Intercept  4.863 (0.597)    5.011 (0.155)    4.722 (0.489)    4.948 (0.152) 
log  return  -0.083 (0.026)    -0.058 (0.065)    0.050 (0.027)    0.059 (0.059) 
Vintage                  
1966 0.522  (0.635)    -  -   0.504  (0.518)    -  - 
1967 0.095  (0.623)    -  -   0.077  (0.518)    -  - 
1968 0.040  (0.630)    -  -   -0.088  (0.528)    -  - 
1969 -0.033  (0.612)    -  -   -0.271  (0.506)    -  - 
1970 -0.045  (0.626)    -  -   -0.084  (0.506)    -  - 
1971 0.234  (0.636)    -  -   0.209  (0.523)    -  - 
1972 -0.110  (0.604)    -  -   -0.190  (0.498)    -  - 
1973 -0.092  (0.620)    -  -   0.020  (0.506)    -  - 
1974 0.013  (0.628)    -  -   -0.065  (0.513)    -  - 
1975 0.030  (0.615)    -  -   0.138  (0.498)    -  - 
1976 0.089  (0.613)    -  -   0.138  (0.498)    -  - 
1977 -0.019  (0.610)    -  -   -0.007  (0.498)    -  - 
1978 -0.133  (0.606)    -  -   -0.102  (0.495)    -  - 
1979 -0.123  (0.608)    -  -   0.001  (0.496)    -  - 
1980 -0.006  (0.607)    -  -   0.092  (0.498)    -  - 
1981 -0.125  (0.607)    -  -   -0.020  (0.495)    -  - 
1982 0.050  (0.605)    -  -   0.153  (0.494)    -  - 
1983 -0.114  (0.610)    -  -   -0.142  (0.497)    -  - 
1984 -0.200  (0.605)    -  -   -0.016  (0.492)    -  - 
1985 -0.081  (0.604)    -  -   0.047  (0.492)    -  - 
1986 0.098  (0.605)    -  -   0.220  (0.492)    -  - 
1987 -0.193  (0.604)    -  -   -0.031  (0.492)    -  - 
1988 -0.202  (0.604)    -  -   -0.038  (0.492)    -  - 
1989 -0.315  (0.604)    -  -   -0.166  (0.493)    -  - 
1990  -0.094  (0.605)   -0.168  (0.068)    0.065  (0.492)   -0.138  (0.063) 
1991 -0.290  (0.604)    -  -   -0.071  (0.493)    -  - 
1992 -0.377  (0.604)    -  -   -0.260  (0.492)    -  - 
1993 -0.422  (0.607)    -  -   -0.235  (0.496)    -  - 
1994  -0.407 (0.629)    -0.377 (0.219)    -0.181 (0.495)    -0.327 (0.106) 
1995 -0.675  (0.612)    -  -   -0.354  (0.508)    -  - 
1996 -  -   -   -   -   -   -   - 
1997 -  -   -   -   -   -   -   - 
1998 -  -   -   -   -   -   -   - 
1999 -  -   -   -   -   -   -   - 
2000 -  -   -   -   -   -   -   - 
Grape Variety                   
Cabernet  -0.223 (0.032)    -0.174 (0.080)    -0.226 (0.033)    -0.153 (0.073) 
Chardonnay  -0.154 (0.052)    -0.281 (0.144)    -0.258 (0.053)    -0.308 (0.126) 
Pinot  Noir  0.038 (0.046)    0.026 (0.104)    0.012 (0.047)    0.064 (0.082) 
Riesling  -0.532 (0.083)    -0.602 (0.179)    -0.626 (0.089)    -0.629 (0.161) 
Botrytis  0.138 (0.063)    0.153 (0.070)    0.106 (0.067)    0.077 (0.089) 
Merlot -  -   -   -   -0.339  (0.062)   -0.298  (0.073) 
Semillon  -0.418 (0.064)    -0.383 (0.190)    -0.536 (0.080)    -0.470 (0.238) 
Langton’s Categories                 
Outstanding  -0.712 (0.048)    -0.783 (0.148)    -0.721 (0.048)    -0.811 (0.147) 
Excellent  -1.008 (0.043)    -1.077 (0.142)    -1.081 (0.043)    -1.105 (0.141) 
Distinguished  -1.134 (0.045)    -1.310 (0.135)    -1.215 (0.047)    -1.323 (0.137) 
Summary Statistics                 
2 R ,
2 R   0.740 0.724    0.707 0.675    0.732 0.716    0.735 0.706 
F-  statistic  45.160     22.314     44.277    25.978   
Chi-statistic  146.52     31.380     153.16    40.449   
(N,K)  675 41  124 13  706 42  136 14 
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TABLE A4.2 (CONTINUED) 
HEDONIC PRICE EQUATION ESTIMATION  RESULTS 
Period 1996Q4-1997Q1    Period 1997Q1-1997Q2 
All Wines    Vint. 86, 90, 94    All Wines    Vint. 86, 90, 94  Coefficient 
Est.  S.E.  Est.  S.E.  Est.  S.E.  Est.  S.E. 
Intercept  5.025 (0.247)    5.069 (0.133)    5.157 (0.178)    5.067 (0.131) 
log  return  0.022 (0.026)    0.053 (0.056)    0.078 (0.028)    0.088 (0.068) 
Vintage                  
1966 0.114  (0.275)    -  -   0.056  (0.213)    -  - 
1967 -0.046  (0.269)    -  -   -0.286  (0.242)    -  - 
1968 -0.498  (0.320)    -  -   -0.541  (0.280)    -  - 
1969 -0.591  (0.262)    -  -   -0.703  (0.201)    -  - 
1970 -0.329  (0.248)    -  -   -0.442  (0.198)    -  - 
1971 0.032  (0.292)    -  -   -0.148  (0.265)    -  - 
1972 -0.405  (0.257)    -  -   -0.365  (0.197)    -  - 
1973 -0.204  (0.266)    -  -   -0.425  (0.208)    -  - 
1974 -0.451  (0.272)    -  -   -0.686  (0.210)    -  - 
1975 -0.110  (0.263)    -  -   -0.302  (0.207)    -  - 
1976 -0.155  (0.255)    -  -   -0.237  (0.197)    -  - 
1977 -0.326  (0.275)    -  -   -0.466  (0.235)    -  - 
1978 -0.236  (0.255)    -  -   -0.305  (0.191)    -  - 
1979 -0.192  (0.254)    -  -   -0.378  (0.195)    -  - 
1980 -0.096  (0.262)    -  -   -0.277  (0.197)    -  - 
1981 -0.196  (0.249)    -  -   -0.301  (0.190)    -  - 
1982 -0.043  (0.250)    -  -   -0.123  (0.191)    -  - 
1983 -0.406  (0.269)    -  -   -0.438  (0.206)    -  - 
1984 -0.226  (0.249)    -  -   -0.425  (0.188)    -  - 
1985 -0.176  (0.249)    -  -   -0.368  (0.188)    -  - 
1986 0.049  (0.246)    -  -   -0.086  (0.184)    -  - 
1987 -0.231  (0.246)    -  -   -0.351  (0.181)    -  - 
1988 -0.157  (0.246)    -  -   -0.299  (0.182)    -  - 
1989 -0.352  (0.251)    -  -   -0.529  (0.185)    -  - 
1990  -0.115 (0.246)    -0.148 (0.061)    -0.211 (0.182)    -0.128 (0.075) 
1991 -0.224  (0.248)    -  -   -0.325  (0.184)    -  - 
1992 -0.452  (0.249)    -  -   -0.581  (0.184)    -  - 
1993 -0.420  (0.252)    -  -   -0.547  (0.186)    -  - 
1994  -0.384 (0.250)    -0.398 (0.076)    -0.492 (0.187)    -0.414 (0.097) 
1995 -0.457  (0.253)    -  -   -0.660  (0.212)    -  - 
1996 -0.539  (0.245)    -  -   -0.596  (0.202)    -  - 
1997 -  -   -   -   -   -   -   - 
1998 -  -   -   -   -   -   -   - 
1999 -  -   -   -   -   -   -   - 
2000 -  -   -   -   -   -   -   - 
Grape Variety                   
Cabernet  -0.221 (0.031)    -0.180 (0.071)    -0.283 (0.031)    -0.265 (0.082) 
Chardonnay  -0.308 (0.051)    -0.337 (0.100)    -0.336 (0.057)    -0.405 (0.123) 
Pinot Noir  -0.014  (0.055)    0.076  (0.093)    -0.069  (0.068)    -0.045  (0.110) 
Riesling  -0.507 (0.096)    -0.513 (0.150)    -0.492 (0.050)    -0.462 (0.084) 
Botrytis 0.122  (0.070)    0.034  (0.070)    -0.097  (0.115)    -0.432  (0.093) 
Merlot  -0.208 (0.084)    -0.176 (0.091)    -0.134 (0.058)    -0.164 (0.077) 
Semillon  -0.631 (0.085)    -0.784 (0.064)    -0.753 (0.092)    -0.858 (0.077) 
Langton’s Categories                 
Outstanding  -0.735 (0.045)    -0.803 (0.132)    -0.673 (0.044)    -0.631 (0.117) 
Excellent  -1.156 (0.039)    -1.193 (0.118)    -1.075 (0.039)    -1.086 (0.115) 
Distinguished  -1.297 (0.044)    -1.350 (0.113)    -1.220 (0.036)    -1.214 (0.096) 
Summary Statistics                 
2 R ,
2 R   0.780 0.765    0.801 0.778    0.785 0.769    0.775 0.746 
F-  statistic  51.830     35.847     48.928    27.225   
Chi-statistic  83.067     26.850     75.152    23.773   
(N,K)  656 43  130 15  605 43  117 14 
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TABLE A4.2 (CONTINUED) 
HEDONIC PRICE EQUATION ESTIMATION  RESULTS 
Period 1997Q2-1997Q3    Period 1997Q3-1997Q4 
All Wines    Vint. 86, 90, 94    All Wines    Vint. 86, 90, 94  Coefficient 
Est.  S.E.  Est.  S.E.  Est.  S.E.  Est.  S.E. 
Intercept  5.275 (0.176)    5.073 (0.136)    5.333 (0.115)    5.101 (0.144) 
log  return  0.036 (0.027)    -0.009 (0.062)    0.072 (0.022)    0.093 (0.049) 
Vintage                  
1966  0.014  (0.262)   -  -    -0.005  (0.268)   -  - 
1967  -0.519  (0.297)   -  -    -0.282  (0.154)   -  - 
1968  -0.329  (0.227)   -  -    -0.284  (0.166)   -  - 
1969  -0.625  (0.246)   -  -    -0.300  (0.136)   -  - 
1970  -0.302  (0.277)   -  -    -0.336  (0.184)   -  - 
1971  -0.151  (0.361)   -  -    -0.303  (0.259)   -  - 
1972  -0.472  (0.198)   -  -    -0.572  (0.145)   -  - 
1973  -0.411  (0.198)   -  -    -0.389  (0.136)   -  - 
1974  -0.560  (0.248)   -  -    -0.536  (0.206)   -  - 
1975  -0.310  (0.215)   -  -    -0.284  (0.143)   -  - 
1976  -0.253  (0.202)   -  -    -0.277  (0.155)   -  - 
1977  -0.575  (0.237)   -  -    -0.605  (0.179)   -  - 
1978  -0.395  (0.207)   -  -    -0.377  (0.150)   -  - 
1979  -0.499  (0.196)   -  -    -0.538  (0.138)   -  - 
1980  -0.327  (0.196)   -  -    -0.384  (0.151)   -  - 
1981  -0.439  (0.196)   -  -    -0.473  (0.136)   -  - 
1982  -0.293  (0.191)   -  -    -0.341  (0.131)   -  - 
1983  -0.357  (0.193)   -  -    -0.365  (0.140)   -  - 
1984  -0.474  (0.185)   -  -    -0.498  (0.123)   -  - 
1985  -0.509  (0.185)   -  -    -0.506  (0.124)   -  - 
1986  -0.228  (0.187)   -  -    -0.249  (0.123)   -  - 
1987  -0.514  (0.185)   -  -    -0.553  (0.123)   -  - 
1988  -0.423  (0.185)   -  -    -0.440  (0.122)   -  - 
1989  -0.656  (0.186)   -  -    -0.628  (0.128)   -  - 
1990  -0.263 (0.184)    -0.036 (0.073)    -0.277 (0.122)    -0.025 (0.059) 
1991  -0.417  (0.182)   -  -    -0.492  (0.120)   -  - 
1992  -0.604  (0.183)   -  -    -0.621  (0.121)   -  - 
1993  -0.629  (0.185)   -  -    -0.656  (0.123)   -  - 
1994  -0.626 (0.185)    -0.385 (0.085)    -0.689 (0.123)    -0.432 (0.063) 
1995  -0.702  (0.194)   -  -    -0.760  (0.130)   -  - 
1996  -0.756  (0.193)   -  -    -0.860  (0.121)   -  - 
1997 -  -    -  -    -  -   -   - 
1998 -  -    -  -    -  -   -   - 
1999 -  -    -  -    -  -   -   - 
2000 -  -    -  -    -  -   -   - 
Grape Variety                   
Cabernet  -0.233 (0.030)    -0.209 (0.079)    -0.151 (0.028)    -0.124 (0.064) 
Chardonnay  -0.224 (0.047)    -0.265 (0.118)    -0.158 (0.038)    -0.165 (0.096) 
Pinot  Noir  -0.045 (0.051)    -0.120 (0.094)    -0.064 (0.041)    -0.158 (0.067) 
Riesling  -0.574 (0.065)    -0.604 (0.137)    -0.495 (0.059)    -0.553 (0.124) 
Botrytis  -0.211 (0.060)    -0.347 (0.096)    -0.133 (0.048)    -0.335 (0.095) 
Merlot  -0.021  (0.099)   -0.123  (0.071)    0.005  (0.083)   -0.091  (0.059) 
Semillon  -0.564 (0.064)    -0.448 (0.117)    -0.472 (0.054)    -0.419 (0.091) 
Langton’s Categories                 
Outstanding  -0.686 (0.047)    -0.694 (0.124)    -0.702 (0.052)    -0.745 (0.143) 
Excellent  -1.038 (0.042)    -1.034 (0.130)    -1.093 (0.043)    -1.114 (0.139) 
Distinguished  -1.231 (0.038)    -1.226 (0.113)    -1.300 (0.043)    -1.344 (0.134) 
Summary Statistics                 
2 R ,
2 R   0.747 0.731    0.713 0.686    0.744 0.731    0.732 0.711 
F-  statistic  48.856     25.670     56.424    33.887   
Chi-statistic  111.07     32.798     150.26    47.760   
(N,K)  739 43  148 14  857 43  175 14 
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TABLE A4.2 (CONTINUED) 
HEDONIC PRICE EQUATION ESTIMATION  RESULTS 
Period 1997Q4-1998Q1    Period 1998Q1-1998Q2 
All Wines    Vint. 86, 90, 94    All Wines    Vint. 86, 90, 94  Coefficient 
Est.  S.E.  Est.  S.E.  Est.  S.E.  Est.  S.E. 
Intercept  5.190 (0.183)    5.108  (0.142)    5.165 (0.167)    5.127 (0.130) 
log  return  0.033 (0.023)    0.053  (0.049)    0.013 (0.022)    0.026 (0.047) 
Vintage                  
1966 0.339  (0.218)    -  -   0.201  (0.299)    -  - 
1967 -0.171  (0.227)    -  -   -0.159  (0.227)    -  - 
1968 -0.111  (0.200)    -  -   -0.061  (0.197)    -  - 
1969 -0.245  (0.188)    -  -   -0.561  (0.221)    -  - 
1970 -0.271  (0.257)    -  -   -0.377  (0.224)    -  - 
1971 -0.286  (0.305)    -  -   -0.157  (0.293)    -  - 
1972 -0.489  (0.218)    -  -   -0.544  (0.197)    -  - 
1973 -0.230  (0.205)    -  -   -0.229  (0.203)    -  - 
1974 -0.526  (0.234)    -  -   -0.531  (0.208)    -  - 
1975 -0.231  (0.197)    -  -   -0.216  (0.191)    -  - 
1976 -0.066  (0.223)    -  -   -0.084  (0.217)    -  - 
1977 -0.215  (0.208)    -  -   -0.208  (0.194)    -  - 
1978 -0.258  (0.198)    -  -   -0.316  (0.191)    -  - 
1979 -0.380  (0.204)    -  -   -0.259  (0.193)    -  - 
1980 -0.291  (0.204)    -  -   -0.178  (0.186)    -  - 
1981 -0.355  (0.199)    -  -   -0.326  (0.183)    -  - 
1982 -0.094  (0.196)    -  -   -0.067  (0.180)    -  - 
1983 -0.281  (0.199)    -  -   -0.218  (0.189)    -  - 
1984 -0.353  (0.190)    -  -   -0.378  (0.175)    -  - 
1985 -0.285  (0.189)    -  -   -0.260  (0.174)    -  - 
1986 -0.056  (0.188)    -  -   -0.037  (0.174)    -  - 
1987 -0.319  (0.185)    -  -   -0.249  (0.171)    -  - 
1988 -0.251  (0.185)    -  -   -0.227  (0.170)    -  - 
1989 -0.311  (0.191)    -  -   -0.267  (0.173)    -  - 
1990  -0.052 (0.185)    -0.001  (0.062)    0.031 (0.170)    0.067 (0.064) 
1991 -0.238  (0.185)    -  -   -0.134  (0.169)    -  - 
1992 -0.376  (0.185)    -  -   -0.332  (0.170)    -  - 
1993 -0.429  (0.185)    -  -   -0.361  (0.169)    -  - 
1994 -0.402  (0.186)    -0.359  (0.063)    -0.337  (0.170)    -0.331  (0.065) 
1995 -0.479  (0.189)    -  -   -0.379  (0.172)    -  - 
1996 -0.402  (0.251)    -  -   -0.404  (0.191)    -  - 
1997 -0.503  (0.214)    -  -   -0.504  (0.177)    -  - 
1998 -  -   -   -   -   -   -   - 
1999 -  -   -   -   -   -   -   - 
2000 -  -   -   -   -   -   -   - 
Grape Variety                   
Cabernet -0.167  (0.027)    -0.098  (0.061)    -0.188  (0.028)    -0.094  (0.062) 
Chardonnay -0.251  (0.040)    -0.167  (0.086)    -0.298  (0.040)    -0.106  (0.077) 
Pinot Noir  -0.044  (0.049)    -0.037  (0.093)    -0.052  (0.052)    0.011  (0.107) 
Riesling -0.489  (0.051)    -0.525  (0.065)    -0.499  (0.050)    -0.629  (0.055) 
Botrytis -0.105  (0.056)    -0.410  (0.065)    -0.180  (0.121)    -0.549  (0.201) 
Merlot -  -   -   -   0.315  (0.043)    -  - 
Semillon -0.414  (0.060)    -0.405  (0.105)    -0.528  (0.074)    -0.431  (0.160) 
Langton’s Categories                 
Outstanding -0.638  (0.047)    -0.684  (0.132)    -0.610  (0.040)    -0.716  (0.109) 
Excellent -1.085  (0.041)    -1.060  (0.131)    -1.050  (0.038)    -1.054  (0.114) 
Distinguished -1.288  (0.041)    -1.333  (0.122)    -1.255  (0.036)    -1.353  (0.101) 
Summary Statistics                 
2 R ,
2 R   0.740 0.727    0.726  0.706    0.745 0.731    0.743 0.724 
F- statistic  54.411      36.473     55.433     40.614   
Chi-statistic 177.45      50.739     156.60     43.634   
(N,K) 844  43    178  13    861  45    182  13 
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TABLE A4.2 (CONTINUED) 
HEDONIC PRICE EQUATION ESTIMATION  RESULTS 
Period 1998Q2-1998Q3    Period 1998Q3-1998Q4 
All Wines    Vint. 86, 90, 94    All Wines    Vint. 86, 90, 94  Coefficient 
Est.  S.E.  Est.  S.E.  Est.  S.E.  Est.  S.E. 
Intercept  5.384 (0.060)    5.184 (0.111)    5.380 (0.131)    5.145 (0.105) 
log return  0.037  (0.020)    0.006  (0.043)    -0.057  (0.017)    -0.062  (0.037) 
Vintage                  
1966 -0.027  (0.310)    -  -   0.223  (0.229)    -  - 
1967 -0.277  (0.104)    -  -   -0.418  (0.215)    -  - 
1968 -0.318  (0.135)    -  -   -0.303  (0.131)    -  - 
1969 -0.801  (0.143)    -  -   -0.572  (0.164)    -  - 
1970 -0.494  (0.130)    -  -   -0.527  (0.164)    -  - 
1971 -0.170  (0.213)    -  -   -0.044  (0.224)    -  - 
1972 -0.716  (0.114)    -  -   -0.731  (0.152)    -  - 
1973 -0.484  (0.111)    -  -   -0.440  (0.149)    -  - 
1974 -0.632  (0.140)    -  -   -0.483  (0.169)    -  - 
1975 -0.497  (0.111)    -  -   -0.412  (0.152)    -  - 
1976 -0.270  (0.161)    -  -   -0.143  (0.185)    -  - 
1977 -0.544  (0.103)    -  -   -0.551  (0.166)    -  - 
1978 -0.548  (0.107)    -  -   -0.416  (0.157)    -  - 
1979 -0.449  (0.103)    -  -   -0.469  (0.148)    -  - 
1980 -0.367  (0.098)    -  -   -0.386  (0.151)    -  - 
1981 -0.474  (0.101)    -  -   -0.510  (0.164)    -  - 
1982 -0.325  (0.090)    -  -   -0.273  (0.146)    -  - 
1983 -0.400  (0.103)    -  -   -0.405  (0.143)    -  - 
1984 -0.578  (0.077)    -  -   -0.507  (0.137)    -  - 
1985 -0.503  (0.073)    -  -   -0.505  (0.135)    -  - 
1986 -0.264  (0.078)    -  -   -0.259  (0.137)    -  - 
1987 -0.473  (0.075)    -  -   -0.505  (0.136)    -  - 
1988 -0.474  (0.071)    -  -   -0.452  (0.135)    -  - 
1989 -0.582  (0.077)    -  -   -0.568  (0.138)    -  - 
1990  -0.225  (0.073)   0.049  (0.056)   -0.242  (0.135)   0.026  (0.048) 
1991 -0.424  (0.070)    -  -   -0.403  (0.134)    -  - 
1992 -0.573  (0.072)    -  -   -0.517  (0.135)    -  - 
1993 -0.557  (0.073)    -  -   -0.525  (0.136)    -  - 
1994  -0.593 (0.072)    -0.321 (0.056)    -0.544 (0.135)    -0.270 (0.048) 
1995 -0.644  (0.077)    -  -   -0.631  (0.137)    -  - 
1996 -0.726  (0.085)    -  -   -0.653  (0.138)    -  - 
1997 -0.771  (0.074)    -  -   -0.728  (0.138)    -  - 
1998 -  -   -   -   -0.643  (0.146)    -  - 
1999 -  -   -   -   -   -   -   - 
2000 -  -   -   -   -   -   -   - 
Grape Variety                   
Cabernet  -0.156 (0.025)    -0.102 (0.056)    -0.129 (0.021)    -0.100 (0.049) 
Chardonnay  -0.314 (0.035)    -0.263 (0.079)    -0.303 (0.033)    -0.386 (0.071) 
Pinot  Noir  -0.027 (0.037)    -0.003 (0.084)    -0.050 (0.034)    -0.086 (0.071) 
Riesling  -0.535 (0.038)    -0.556 (0.069)    -0.499 (0.032)    -0.486 (0.072) 
Botrytis  -0.191 (0.102)    -0.535 (0.205)    -0.118 (0.065)    -  - 
Merlot 0.225  (0.077)    -  -   0.348  (0.094)    -  - 
Semillon  -0.424 (0.077)    -0.295 (0.162)    -0.368 (0.074)    -0.313 (0.172) 
Langton’s Categories                 
Outstanding  -0.607 (0.036)    -0.731 (0.101)    -0.635 (0.034)    -0.687 (0.097) 
Excellent  -1.018 (0.033)    -1.090 (0.104)    -1.007 (0.030)    -1.039 (0.095) 
Distinguished  -1.237 (0.032)    -1.342 (0.094)    -1.238 (0.031)    -1.275 (0.087) 
Summary Statistics                 
2 R ,
2 R   0.770 0.759    0.756 0.741    0.768 0.759    0.734 0.721 
F-  statistic  69.604     48.614     82.282    58.140   
Chi-statistic  145.46     29.488     133.62    44.475   
(N,K)  939 44  201 13  1139  45  244 12 
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TABLE A4.2 (CONTINUED) 
HEDONIC PRICE EQUATION ESTIMATION  RESULTS 
Period 1998Q4-1999Q1    Period 1999Q1-1999Q2 
All Wines    Vint. 86, 90, 94    All Wines    Vint. 86, 90, 94  Coefficient 
Est.  S.E.  Est.  S.E.  Est.  S.E.  Est.  S.E. 
Intercept  5.271 (0.151)    5.037 (0.103)    5.295 (0.178)    5.049 (0.103) 
log  return  0.039  (0.017)   0.034  (0.038)   -0.012  (0.018)   0.024  (0.040) 
Vintage                  
1966 0.243  (0.201)    -  -   0.304  (0.206)    -  - 
1967 -0.349  (0.234)    -  -   -0.345  (0.253)    -  - 
1968 -0.553  (0.240)    -  -   -0.585  (0.232)    -  - 
1969 -0.418  (0.200)    -  -   -0.418  (0.232)    -  - 
1970 -0.431  (0.188)    -  -   -0.329  (0.207)    -  - 
1971 0.076  (0.237)    -  -   0.239  (0.257)    -  - 
1972 -0.693  (0.166)    -  -   -0.554  (0.189)    -  - 
1973 -0.422  (0.165)    -  -   -0.459  (0.189)    -  - 
1974 -0.479  (0.180)    -  -   -0.509  (0.214)    -  - 
1975 -0.327  (0.168)    -  -   -0.322  (0.192)    -  - 
1976 -0.155  (0.194)    -  -   -0.130  (0.198)    -  - 
1977 -0.491  (0.182)    -  -   -0.384  (0.190)    -  - 
1978 -0.323  (0.192)    -  -   -0.380  (0.209)    -  - 
1979 -0.401  (0.166)    -  -   -0.322  (0.194)    -  - 
1980 -0.305  (0.171)    -  -   -0.361  (0.198)    -  - 
1981 -0.516  (0.173)    -  -   -0.471  (0.190)    -  - 
1982 -0.265  (0.164)    -  -   -0.368  (0.192)    -  - 
1983 -0.457  (0.163)    -  -   -0.477  (0.192)    -  - 
1984 -0.482  (0.158)    -  -   -0.514  (0.187)    -  - 
1985 -0.493  (0.155)    -  -   -0.477  (0.183)    -  - 
1986 -0.222  (0.157)    -  -   -0.225  (0.183)    -  - 
1987 -0.447  (0.156)    -  -   -0.454  (0.182)    -  - 
1988 -0.423  (0.155)    -  -   -0.392  (0.182)    -  - 
1989 -0.513  (0.158)    -  -   -0.521  (0.183)    -  - 
1990  -0.210  (0.155)   0.020  (0.050)   -0.162  (0.182)   0.073  (0.053) 
1991 -0.332  (0.155)    -  -   -0.330  (0.181)    -  - 
1992 -0.498  (0.155)    -  -   -0.490  (0.181)    -  - 
1993 -0.503  (0.155)    -  -   -0.496  (0.182)    -  - 
1994  -0.522 (0.155)    -0.283 (0.049)    -0.514 (0.181)    -0.276 (0.050) 
1995 -0.602  (0.157)    -  -   -0.583  (0.182)    -  - 
1996 -0.654  (0.156)    -  -   -0.637  (0.182)    -  - 
1997 -0.622  (0.164)    -  -   -0.571  (0.187)    -  - 
1998 -0.621  (0.167)    -  -   -0.659  (0.203)    -  - 
1999 -  -   -   -   -   -   -   - 
2000 -  -   -   -   -   -   -   - 
Grape Variety                   
Cabernet  -0.104 (0.020)    -0.046 (0.046)    -0.097 (0.021)    -0.024 (0.047) 
Chardonnay  -0.240 (0.035)    -0.346 (0.086)    -0.238 (0.035)    -0.301 (0.093) 
Pinot  Noir  -0.035 (0.043)    -0.094 (0.074)    -0.006 (0.045)    -0.046 (0.078) 
Riesling  -0.479 (0.038)    -0.425 (0.113)    -0.441 (0.048)    -0.432 (0.109) 
Botrytis -0.105  (0.065)    -  -   -0.138  (0.077)   -0.360  (0.052) 
Merlot 0.370  (0.087)    -  -   0.243  (0.036)    -  - 
Semillon  -0.376 (0.075)    -0.297 (0.195)    -0.322 (0.077)    -0.156 (0.182) 
Langton’s Categories                 
Outstanding  -0.624 (0.033)    -0.646 (0.090)    -0.602 (0.034)    -0.619 (0.089) 
Excellent  -0.999 (0.030)    -0.999 (0.088)    -1.005 (0.031)    -1.048 (0.088) 
Distinguished  -1.246 (0.030)    -1.268 (0.081)    -1.255 (0.031)    -1.301 (0.080) 
Summary Statistics                 
2 R ,
2 R   0.751 0.742    0.722 0.709    0.758 0.748    0.737 0.723 
F-  statistic  78.606     56.446     74.699    51.440   
Chi-statistic  149.60     50.343     137.88    48.124   
(N,K)  1191  45  251 12  1095  45  233 13 
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TABLE A4.2 (CONTINUED) 
HEDONIC PRICE EQUATION ESTIMATION  RESULTS 
Period 1999Q2-1999Q3    Period 1999Q3-1999Q4 
All Wines    Vint. 86, 90, 94    All Wines    Vint. 86, 90, 94  Coefficient 
Est.  S.E.  Est.  S.E.  Est.  S.E.  Est.  S.E. 
Intercept  5.416 (0.127)    5.113 (0.099)    5.347 (0.149)    5.177 (0.095) 
log  return  0.037 (0.017)    0.017 (0.037)    0.034 (0.016)    0.034 (0.036) 
Vintage                  
1966 -0.063  (0.234)    -  -   0.037  (0.215)    -  - 
1967 -0.391  (0.225)    -  -   -0.016  (0.161)    -  - 
1968 -0.511  (0.143)    -  -   -0.284  (0.153)    -  - 
1969 -0.550  (0.178)    -  -   -0.524  (0.218)    -  - 
1970 -0.588  (0.154)    -  -   -0.514  (0.190)    -  - 
1971 0.053  (0.191)    -  -   -0.060  (0.235)    -  - 
1972 -0.636  (0.138)    -  -   -0.515  (0.159)    -  - 
1973 -0.578  (0.161)    -  -   -0.433  (0.177)    -  - 
1974 -0.712  (0.190)    -  -   -0.493  (0.219)    -  - 
1975 -0.492  (0.151)    -  -   -0.356  (0.192)    -  - 
1976 -0.263  (0.157)    -  -   -0.267  (0.184)    -  - 
1977 -0.467  (0.137)    -  -   -0.357  (0.165)    -  - 
1978 -0.491  (0.156)    -  -   -0.437  (0.171)    -  - 
1979 -0.560  (0.151)    -  -   -0.511  (0.165)    -  - 
1980 -0.581  (0.151)    -  -   -0.474  (0.165)    -  - 
1981 -0.554  (0.145)    -  -   -0.488  (0.168)    -  - 
1982 -0.440  (0.143)    -  -   -0.281  (0.158)    -  - 
1983 -0.506  (0.143)    -  -   -0.353  (0.159)    -  - 
1984 -0.631  (0.137)    -  -   -0.495  (0.154)    -  - 
1985 -0.610  (0.135)    -  -   -0.485  (0.156)    -  - 
1986 -0.354  (0.133)    -  -   -0.221  (0.155)    -  - 
1987 -0.621  (0.133)    -  -   -0.475  (0.154)    -  - 
1988 -0.504  (0.133)    -  -   -0.428  (0.153)    -  - 
1989 -0.597  (0.133)    -  -   -0.473  (0.154)    -  - 
1990  -0.305  (0.132)   0.066  (0.050)   -0.218  (0.151)   0.009  (0.055) 
1991 -0.475  (0.130)    -  -   -0.367  (0.150)    -  - 
1992 -0.589  (0.131)    -  -   -0.479  (0.151)    -  - 
1993 -0.614  (0.131)    -  -   -0.529  (0.151)    -  - 
1994  -0.608 (0.130)    -0.233 (0.047)    -0.531 (0.150)    -0.290 (0.053) 
1995 -0.701  (0.131)    -  -   -0.622  (0.151)    -  - 
1996 -0.728  (0.132)    -  -   -0.637  (0.151)    -  - 
1997 -0.742  (0.135)    -  -   -0.685  (0.153)    -  - 
1998 -0.873  (0.162)    -  -   -0.716  (0.172)    -  - 
1999 -  -   -   -   -0.877  (0.158)    -  - 
2000 -  -   -   -   -   -   -   - 
Grape Variety                   
Cabernet  -0.122 (0.021)    -0.079 (0.045)    -0.118 (0.020)    -0.088 (0.042) 
Chardonnay  -0.207 (0.033)    -0.285 (0.093)    -0.184 (0.032)    -0.280 (0.089) 
Pinot  Noir  -0.029 (0.032)    -0.040 (0.062)    -0.024 (0.035)    -0.037 (0.075) 
Riesling  -0.449 (0.035)    -0.480 (0.084)    -0.500 (0.031)    -0.568 (0.062) 
Botrytis  -0.127 (0.071)    -0.221 (0.111)    -0.147 (0.064)    -0.098 (0.032) 
Merlot  0.322 (0.047)    0.276 (0.104)    0.343 (0.048)    0.231 (0.077) 
Semillon  -0.387 (0.059)    -0.124 (0.079)    -0.433 (0.061)    -0.302 (0.178) 
Langton’s Categories                 
Outstanding  -0.592 (0.034)    -0.659 (0.091)    -0.585 (0.034)    -0.682 (0.090) 
Excellent  -1.016 (0.031)    -1.080 (0.088)    -1.018 (0.031)    -1.057 (0.087) 
Distinguished  -1.244 (0.032)    -1.347 (0.083)    -1.240 (0.031)    -1.346 (0.082) 
Summary Statistics                 
2 R ,
2 R   0.755 0.745    0.746 0.733    0.749 0.740    0.748 0.735 
F-  statistic  80.107     54.296     83.807    58.787   
Chi-statistic  135.26     52.827     164.08    61.392   
(N,K)  1190  45  254 14  1309  46  272 14 
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TABLE A4.2 (CONTINUED) 
HEDONIC PRICE EQUATION ESTIMATION  RESULTS 
Period 1999Q4-2000Q1    Period 2000Q1-2000Q2 
All Wines    Vint. 86, 90, 94    All Wines    Vint. 86, 90, 94  Coefficient 
Est.  S.E.  Est.  S.E.  Est.  S.E.  Est.  S.E. 
Intercept  5.247 (0.162)    5.193 (0.101)    5.219 (0.277)    5.208 (0.092) 
log  return  -0.010 (0.017)    0.007 (0.038)    0.006 (0.016)    -0.011 (0.035) 
Vintage                  
1966 0.461  (0.207)    -  -   0.376  (0.319)    -  - 
1967 0.189  (0.173)    -  -   0.094  (0.287)    -  - 
1968 -0.085  (0.194)    -  -   -0.145  (0.301)    -  - 
1969 -0.388  (0.241)    -  -   -0.184  (0.305)    -  - 
1970 -0.291  (0.223)    -  -   -0.122  (0.326)    -  - 
1971 0.070  (0.260)    -  -   0.339  (0.319)    -  - 
1972 -0.359  (0.167)    -  -   -0.352  (0.282)    -  - 
1973 -0.307  (0.197)    -  -   -0.232  (0.317)    -  - 
1974 -0.165  (0.225)    -  -   -0.277  (0.316)    -  - 
1975 -0.184  (0.195)    -  -   -0.330  (0.308)    -  - 
1976 -0.028  (0.201)    -  -   0.029  (0.310)    -  - 
1977 -0.283  (0.180)    -  -   -0.385  (0.299)    -  - 
1978 -0.331  (0.177)    -  -   -0.170  (0.286)    -  - 
1979 -0.286  (0.182)    -  -   -0.256  (0.290)    -  - 
1980 -0.303  (0.181)    -  -   -0.256  (0.290)    -  - 
1981 -0.411  (0.183)    -  -   -0.344  (0.288)    -  - 
1982 -0.164  (0.169)    -  -   -0.127  (0.282)    -  - 
1983 -0.275  (0.174)    -  -   -0.325  (0.287)    -  - 
1984 -0.378  (0.167)    -  -   -0.366  (0.282)    -  - 
1985 -0.282  (0.168)    -  -   -0.253  (0.281)    -  - 
1986 -0.046  (0.168)    -  -   -0.033  (0.280)    -  - 
1987 -0.316  (0.165)    -  -   -0.300  (0.280)    -  - 
1988 -0.247  (0.164)    -  -   -0.234  (0.279)    -  - 
1989 -0.388  (0.168)    -  -   -0.425  (0.281)    -  - 
1990  -0.066 (0.164)    -0.016 (0.061)    -0.074 (0.279)    -0.033 (0.051) 
1991 -0.186  (0.162)    -  -   -0.172  (0.279)    -  - 
1992 -0.363  (0.163)    -  -   -0.350  (0.279)    -  - 
1993 -0.402  (0.163)    -  -   -0.392  (0.279)    -  - 
1994  -0.369 (0.163)    -0.299 (0.058)    -0.328 (0.278)    -0.275 (0.047) 
1995 -0.480  (0.163)    -  -   -0.436  (0.279)    -  - 
1996 -0.455  (0.163)    -  -   -0.411  (0.279)    -  - 
1997 -0.535  (0.165)    -  -   -0.489  (0.279)    -  - 
1998 -0.522  (0.173)    -  -   -0.360  (0.294)    -  - 
1999 -0.688  (0.168)    -  -   -0.563  (0.285)    -  - 
2000 -  -   -   -   -   -   -   - 
Grape Variety                   
Cabernet  -0.107 (0.020)    -0.080 (0.044)    -0.102 (0.018)    -0.096 (0.040) 
Chardonnay  -0.260 (0.035)    -0.390 (0.093)    -0.283 (0.033)    -0.386 (0.074) 
Pinot  Noir  -0.023  (0.043)   -0.092  (0.094)    0.007  (0.039)   -0.090  (0.079) 
Riesling  -0.540 (0.034)    -0.592 (0.067)    -0.577 (0.034)    -0.564 (0.041) 
Botrytis  -0.084 (0.083)    -0.096 (0.041)    -0.017 (0.047)    -0.129 (0.044) 
Merlot  0.376 (0.066)    0.251 (0.071)    0.402 (0.033)    0.311 (0.034) 
Semillon  -0.508 (0.055)    -0.465 (0.114)    -0.549 (0.036)    -0.520 (0.067) 
Langton’s Categories                 
Outstanding  -0.579 (0.034)    -0.596 (0.089)    -0.554 (0.033)    -0.570 (0.082) 
Excellent  -1.031 (0.030)    -1.015 (0.086)    -1.038 (0.031)    -1.018 (0.081) 
Distinguished  -1.282 (0.029)    -1.319 (0.080)    -1.309 (0.029)    -1.354 (0.075) 
Summary Statistics                 
2 R ,
2 R   0.769 0.760    0.741 0.727    0.777 0.769    0.767 0.756 
F-  statistic  89.710     53.579     97.583    66.430   
Chi-statistic  131.53     50.072     172.42    45.779   
(N,K)  1260  46  258 14  1309  46  276 14 
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TABLE A4.2 (CONTINUED) 
HEDONIC PRICE EQUATION ESTIMATION  RESULTS 
Period 2000Q2-2000Q3    Period 2000Q3-2000Q4 
All Wines    Vint. 86, 90, 94    All Wines    Vint. 86, 90, 94  Coefficient 
Est.  S.E.  Est.  S.E.  Est.  S.E.  Est.  S.E. 
Intercept  5.294 (0.229)    5.251 (0.087)    5.295 (0.135)    5.330 (0.087) 
log  return  -0.035 (0.016)    0.006 (0.034)    0.006 (0.016)    -0.003 (0.036) 
Vintage                  
1966 0.281  (0.257)    -  -   0.352  (0.160)    -  - 
1967 -0.110  (0.240)    -  -   -0.042  (0.178)    -  - 
1968 -0.273  (0.257)    -  -   -0.234  (0.169)    -  - 
1969 -0.308  (0.249)    -  -   -0.407  (0.189)    -  - 
1970 -0.168  (0.269)    -  -   -0.095  (0.177)    -  - 
1971 0.151  (0.269)    -  -   0.124  (0.190)    -  - 
1972 -0.458  (0.255)    -  -   -0.519  (0.163)    -  - 
1973 -0.261  (0.247)    -  -   -0.370  (0.165)    -  - 
1974 -0.356  (0.253)    -  -   -0.348  (0.167)    -  - 
1975 -0.430  (0.269)    -  -   -0.389  (0.157)    -  - 
1976 -0.005  (0.263)    -  -   0.128  (0.189)    -  - 
1977 -0.344  (0.250)    -  -   -0.361  (0.152)    -  - 
1978 -0.246  (0.243)    -  -   -0.331  (0.164)    -  - 
1979 -0.329  (0.237)    -  -   -0.366  (0.146)    -  - 
1980 -0.340  (0.235)    -  -   -0.343  (0.147)    -  - 
1981 -0.356  (0.237)    -  -   -0.373  (0.152)    -  - 
1982 -0.171  (0.234)    -  -   -0.168  (0.143)    -  - 
1983 -0.473  (0.242)    -  -   -0.502  (0.151)    -  - 
1984 -0.384  (0.233)    -  -   -0.385  (0.144)    -  - 
1985 -0.305  (0.232)    -  -   -0.310  (0.140)    -  - 
1986 -0.046  (0.231)    -  -   -0.009  (0.139)    -  - 
1987 -0.321  (0.231)    -  -   -0.318  (0.141)    -  - 
1988 -0.282  (0.231)    -  -   -0.212  (0.138)    -  - 
1989 -0.439  (0.232)    -  -   -0.420  (0.141)    -  - 
1990  -0.096 (0.230)    -0.040 (0.048)    -0.048 (0.138)    -0.039 (0.048) 
1991 -0.222  (0.230)    -  -   -0.187  (0.136)    -  - 
1992 -0.352  (0.230)    -  -   -0.309  (0.137)    -  - 
1993 -0.439  (0.230)    -  -   -0.364  (0.136)    -  - 
1994  -0.357 (0.230)    -0.297 (0.045)    -0.300 (0.137)    -0.283 (0.045) 
1995 -0.476  (0.230)    -  -   -0.427  (0.137)    -  - 
1996 -0.432  (0.230)    -  -   -0.361  (0.137)    -  - 
1997 -0.514  (0.231)    -  -   -0.497  (0.141)    -  - 
1998 -0.387  (0.244)    -  -   -0.388  (0.148)    -  - 
1999 -0.530  (0.240)    -  -   -0.563  (0.149)    -  - 
2000 -  -   -   -   -0.855  (0.142)    -  - 
Grape Variety                   
Cabernet  -0.127 (0.018)    -0.125 (0.040)    -0.170 (0.019)    -0.181 (0.043) 
Chardonnay  -0.248 (0.033)    -0.347 (0.073)    -0.270 (0.037)    -0.369 (0.099) 
Pinot  Noir  -0.014 (0.037)    -0.078 (0.078)    -0.088 (0.042)    -0.140 (0.080) 
Riesling  -0.544 (0.038)    -0.520 (0.038)    -0.530 (0.043)    -0.433 (0.105) 
Botrytis  -0.008  (0.055)   0.173  (0.229)   -0.012  (0.078)   0.074  (0.302) 
Merlot  0.381 (0.035)    0.297 (0.048)    0.320 (0.038)    0.246 (0.042) 
Semillon  -0.532 (0.037)    -0.509 (0.073)    -0.551 (0.047)    -0.435 (0.092) 
Langton’s Categories                 
Outstanding  -0.563 (0.032)    -0.593 (0.079)    -0.584 (0.032)    -0.624 (0.081) 
Excellent  -1.076 (0.030)    -1.080 (0.079)    -1.154 (0.029)    -1.166 (0.080) 
Distinguished  -1.344 (0.029)    -1.384 (0.074)    -1.378 (0.028)    -1.433 (0.074) 
Summary Statistics                 
2 R ,
2 R   0.774 0.767    0.792 0.781    0.785 0.778    0.798 0.787 
F-  statistic  101.06     75.682     103.48    71.586   
Chi-statistic  180.90     48.653     143.04    43.101   
(N,K)  1372  46  273 14  1347  47  250 14 213
FIGURE A4.1
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